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'jTj’or students who care about how the world works, microeconomics is one of 
JL the most relevant and interesting subjects they can study A good grasp of 
microeconomics is vital for managerial decision making, for designing and un- 
derstanding public policy, and more generally for appreciating how a modern 
economy functions. 

We wrote this book. Microeconomics, because we believe that students need 
to be exposed to the new topics that have come to play a central role in micro- 
economics over the years — topics such as game theory and competitive strat- 
egy, the roles of uncertainty and information, and the analysis of pricing by 
firms with market power. We also felt that students need to be shown how mi- 
croeconomics can help us to understand what goes on in the world and how it 
can be used as a practical tool for decision making. Microeconomics is an ex- 
citing and dynamic subject, but students need to be given an appreciation of 
its relevance and usefulness. They want and need a good understanding of how 
microeconomics can actually be used outside the classroom. 

To respond to these needs, the fifth edition of Microeconomics provides a treat- 
ment of microeconomic theory that stresses its relevance and application to both 
managerial and public-policy decision making. This applied emphasis is ac- 
complished by including 107 extended examples that cover such topics as the 
analysis of demand, cost, and market efficiency; the design of pricing strate- 
gies; investment and production decisions; and public policy analysis. Because 
of the importance that we attach to these examples, they are included in the 
flow of the text. (A complete list of the examples is included in the table of 
contents on pages ix-xxii.) 

The coverage in the fifth edition of Microeconomics incorporates the dramatic 
changes that have occurred in the field in recent years. There has been grow- 
ing interest in game theory and the strategic interactions of firms (Chapters 12 
and 13), in the role and implications of uncertainty and asymmetric informa- 
tion (Chapters 5 and 17), in the pricing strategies of firms with market power 
(Chapters 10 and 11), arid in the design of policies to deal efficiently with ex- 
ternalities such as environmental pollution (Chapter 18). These topics, which 
have only recently received attention in most books, are covered extensively 
here. 

That the coverage in Microeconomics is comprehensive and up-to-date does 
not mean that it is "advanced" or difficult. We have worked hard to make the 
exposition clear and accessible as well as lively and engaging. We believe that 
the study of microeconomics should be enjoyable and stimulating. We hope that 
our book reflects this belief. Except for appendices and footnotes, Microeconomics 
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uses no calculus. As a result, it should be suitable for students with a broad 
range of backgrounds. (Those sections that are more demanding are marked 
with an asterisk and can be easily omitted.) 



Each new edition of this book has built on the success of prior editions by adding 
a number of new topics, by adding and updating examples, and by improving 
the exposition of existing materials. The fifth edition continues in that tradition. 
We have included a new section on auctions in Chapters 13 (Game Theory and 
Competitive Strategy), and we have expanded our coverage of supply-demand 
analysis in Chapter 2, as well as our coverage of cost in Chapters 7 and 8. In 
addition, we have added several new examples, and we have replaced a num- 
ber of older examples with new ones. 

In keeping with the preferences of many of our faithful users, we have not 
changed the chapter organization of the book. However, we have significantly 
revised portions of the first eight chapters, explaining some basic concepts in a 
more detailed and systematic way. Our primary goal in revising the book has been, 
as always, to make the text as clear, accessible, and engaging as possible. 

The fifth edition of Microeconomics, like the fourth, is printed in four colors. 
As before, we have tried to use color to make the figures as clear and peda- 
gogically effective as possible. In addition, we have added several new dia- 
grams, and we have modified a number of existing diagrams to improve their 
accuracy and clarity. 

This edition uses a larger text layout than earlier editions. This gave us the 
opportunity to add some new pedagogical devices. Key terms now appear in 
boldface and are defined in the margins of the text. Often, important ideas in 
microeconomics build on concepts that have been developed earlier in the text. 
In recognition of this fact, we have added a number of Concept Links in the 
margins, which explicitly direct the student to prior relevant materials. 

Alternisifiiwe Coyrs® Designs 

The fifth edition of Microeconomics offers instructors substantial flexibility in 
course design. For a one-quarter or one-semester course stressing the basic core 
material, we would suggest using the following chapters and sections of chap- 
ters: 1, 2, 3, 4. 1-4. 4, 6, 7. 1-7.4, 8, 9. 1-9.3, 10, 11.1-11.3, 12, 14, 15.1-15.4, 18.1- 
18.2, and 18.5. A somewhat more ambitious course might also include parts of 
Chapters 5 and 16 and additional sections in Chapters 4, 7, and 9. To empha- 
size uncertainty and market failure, an instructor should also include substan- 
tial parts of Chapters 5 and 17. 

Depending on one's interests and the goals of the course, other sections could 
be added or used to replace the materials listed above. A course emphasizing 
modern pricing theory and business strategy would include all of Chapters 11, 
12, and 13 and the remaining sections of Chapter 15. A course in managerial 
economics might also include the appendixes to Chapters 4, 7, and 11 as well 
as the appendix on regression analysis at the end of the book. A course stress- 
ing welfare economics and public policy should include Chapter 16 and addi- 
tional sections of Chapter 18. 

Finally, we want to stress that those sections or subsections that are more de- 
manding and/or peripheral to the core material have been marked with an as- 
terisk. These sections can easily be omitted without detracting from the flow of 
the book. 


Ancillaries of an exceptionally high quality are available to instructors and stu- 
dents using the fifth edition of Microeconomics . The Instructor's Manual, pre- 
pared by Nora Underwood of the University of California, Davis, provides de- 
tailed solutions to all end-of-chapter Review Questions and Exercises. Each 
chapter also contains Teaching Tips to summarize key points and extra Review 
Questions with answers. 

The Test Bank, prepared by John Crooker of Texas Tech University, contains 
over 2,000 multiple-choice and short-answer questions with solutions. It is de- 
signed for use with the Prentice Hall Test Manager, a computerized package 
that allows instructors to custom-design, save, and generate classroom tests. 

A PowerPoint Lecture Presentation, created by Jeffrey Caldwell and Steven 
Smith, both of Rose State College, is available for the fifth edition and can be 
downloaded from the text Web site (www.prenliaU.com/pindyck). Instructors can 
edit the detailed outlines and summaries to fit their own lecture presentations. 
A set of Color Acetates of the figures and selected tables from the text is avail- 
able for instructors using the fifth edition of Microeconomics. 

The Study Guide, prepared by Valerie Suslow of the University of Michigan 
and Jonathan Hamilton of the University of Florida, provides a wide variety of 
review materials and exercises for students. Each chapter contains a list of im- 
portant concepts, chapter highlights, a concept review, problem sets, and a self- 
test quiz. Worked-out answers and solutions are provided for all exercises, prob- 
lem sets, and self-test questions. 

Prentice Hall's Learning on the Internet Partnership (myPHLIP)/Companion 
Web site (www.prenhall.com/pindyck) is a Web site with Internet exercises, ac- 
tivities, and resources related specifically to this text. New Internet resources 
are added every two weeks to provide both the student and the instructor with 
updated services. The site includes an On-Line Study Guide, prepared by 
Peter Zaleski of Villanova University, containing multiple-choice and essay 
questions. The On-Line Study Guide has a built-in grading feature that provides 
students with immediate feedback in the form of coaching comments. 

For the instructor, the Web site offers such resources as the Syllabus Manager, 
answers to Current Events and Internet exercises, and a Faculty Lounge area 
with teaching archives and faculty chat rooms. From the Web site, instructors 
can also download supplements and lecture aids, including the Instructor's 
Manual and PowerPoint Lecture Presentation. Instructors should contact their 
Prentice Hall sales representative to get the necessary username and password 
to access the faculty resources on the site. 

Prentice Hall provides faculty with Internet tools to help create on-line courses. 
It provides content and enhanced features to help instructors create full-length 
on-line courses or simply produce on-line supplementary materials to use in 
existing courses. Content is available on both WebCT and Blackboard platforms. 


Because the fifth edition of Microeconomics has been the outgrowth of years of 
experience in the classroom, we owe a debt of gratitude to our students and to 
the colleagues with whom we often discuss microeconomics and its presenta- 
tion. We have also had the help of capable research assistants. For the first four 
editions of the book, these included Walter Athier, Phillip Gibbs, Jamie Jue, 
Masaya Okoshi, Kathy O'Regan, Karen Randig, Subi Rangan, Deborah Senior, 
Ashesh Shah, and Wilson Tai. Kathy Hill helped with the art, while Assunta 


Kent, Mary Knott, and Dawn Elliott Linahan provided secretarial assistance 
with the first edition. We especially want to thank Lynn Steele and Jay Tharp, 
who provided considerable editorial support for the second edition. Mark Glick- 
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Andrew Guest, Jeanette Sayre, and Lynn Steele provided valuable editorial sup- 
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Introduction: 
Markets and Prices 

PART 1 surveys the scope of microeconomics and introduces 
some basic concepts and tools. Chapter 1 discusses the range 
of problems that microeconomics addresses, and the kinds of 
answers it can provide. It also explains what a market is, how 
we determine the boundaries of a market, and how we mea- 
sure market price. 

Chapter 2 covers one of the most important tools of micro- 
economics: supply-demand analysis. We explain how a com- 
petitive market works and how supply and demand deter- 
mine the prices and quantities of goods. We also show how 
supply-demand analysis can be used to determine the effects 
of changing market conditions, including government inter- 
vention. 
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E conomics is divided into two main branches: microeco- 
nomics and macroeconomics. Microeconomics deals with 
the behavior of individual economic units. These units include 
consumers, workers, investors, owners of land, business 
firms — in fact, any individual or entity that plays a role in the 
functioning of our economy . 1 Microeconomics explains how 
and why these units make economic decisions. For example, it 
explains how consumers make purchasing decisions and how 
their choices are affected by changing prices and incomes. It 
also explains how firms decide how many workers to hire and 
how workers decide where to work and how much work to do. 

Another important concern of microeconomics is how eco- 
nomic units interact to form larger emits — markets and indus- 
tries. Microeconomics helps us to understand, for example, why 
the American automobile industry developed the way it did and 
how producers and consumers interact in the market for auto- 
mobiles. It explains how automobile prices are determined, how 
much automobile companies invest iri new factories, and how 
many cars are produced each year. By studying the behavior and 
interaction of individual firms and consumers, microeconomics 
reveals how industries and markets operate and evolve, why 
they differ from one another, and how they are affected by 
government policies and global economic conditions. 

By contrast, macroeconomics deals with aggregate eco- 
nomic quantities, such as the level and growth rate of national 
output, interest rates, unemployment, and inflation. But the 
boundary between macroeconomics and microeconomics has 
become less and less distinct in recent years. Tire reason is that 
macroeconomics also involves the analysis of markets — for 
example, the aggregate markets for goods and services, labor, 
and corporate bonds. To understand how these aggregate mar- 
kets operate, we must first understand the behavior of the 
firms, consumers, workers, and investors who constitute 
them. Thus macroeconomists have become increasingly con- 
cerned with the microeconomic foundations of aggregate eco- 
nomic phenomena, and much of macroeconomics is actually 
an extension of microeconomic analysis. 


Chapter Outline 


1 The prefix micro- is derived from the Greek word meaning "small " 
However, many of the individual economic units that we will study are small 
only in relation to the U.S. economy as a whole. For example, the annual sales 
of General Motors, IBM, or Exxon are larger than the gross national products 
of many countries. 





4 Parti Introduction: Markets and Prices 


Chapter 1 


Preliminaries 


microeconomics Branch of 
economics that deals with the 
behavior of individual eco- 
nomic emits — consumers, firms, 
workers, and investors — as 
well as the markets that these 
units comprise. 

macroeconomics Branch of 
economics that deals with 
aggregate economic variables, 
such as the level and growth 
rate of national output, inter- 
est rates, unemployment, and 
inflation. 


1 .1 The Themes of Microeconomics 

The Rolling Stones once said: "You can't always get what you want." This is 
true. For most people (even Mick Jagger), that there are limits to what you can 
have or do is a simple fact of life learned in early childhood. For economists, 
however, it can be an obsession. 

Much of microeconomics is about limits — the limited incomes that con- 
sumers can spend on goods and services, the limited budgets and technical 
know-how that firms can use to produce things, and the limited number of 
hours in a week that workers can allocate to labor or leisure. But microeconom- 
ics is also about ways to make the most of these limits. More precisely, it is about the 
allocation of scarce resources. For example, microeconomics explains how con- 
sumers can best allocate their limited incomes to the various goods and services 
available for purchase. It explains how workers can best allocate their time to 
labor instead of leisure, or to one job instead of another And it explains how 
firms can best allocate limited financial resources to hiring additional workers 
versus buying new machinery, and to producing one set of products versus 
another. 

In a planned economy such as that of Cuba, North Korea, or the former Soviet 
Union, these allocation decisions are made mostly by the government. Firms are 
told what and how much to produce, and how to produce it; workers have little 
flexibility in choice of jobs, hours worked, or even where they live; and consumers 
typically have a very limited set of goods to choose from. As a result, many of the 
tools and concepts of microeconomics are of limited relevance in those countries. 

In modern market economies, consumers, workers, and firms have much 
more flexibility and choice when it comes to allocating scarce resources. 
Microeconomics describes the trade-offs that consumers, workers, and firms face, 
and shows how these trade-offs are best made. 

Tire idea of making optimal trade-offs is an important theme in microeconom- 
ics — one that you will encounter throughout this book. Let's look at it in more 
detail. 

Consumers Consumers have limited incomes, which can be spent on a wide 
variety of goods and sendees, or saved for the future. Consumer theory, the sub- 
ject matter of Chapters 3, 4, and 5 of this book, describes how consumers, based 
on their preferences, maximize their well-being by trading off the purchase of 
more of some goods with the purchase of less of others. We will also see how 
consumers decide how much of their incomes to save, thereby trading off cur- 
rent consumption for future consumption. 

Workers Workers also face constraints and make trade-offs. First, people must 
decide whether and when to enter the workforce. Because the kinds of jobs 
and corresponding pay scales — available to a worker depend in part on educa- 
tional attainment and accumulated skills, one must trade off working now (and 
earning an immediate income) with continued education (and the hope of earn- 
ing a higher future income). Second, workers face trade-offs in their choice of 
employment. For example, while some people choose to work for large corpora- 
tions that offer job security but limited potential for advancement, others prefer 
to work for small companies where there is more opportunity for advancement 
but less security. Finally, workers must sometimes decide how many hours per 
week they wish to work, thereby trading off labor for leisure. 


Firms Firms also face limits in terms of the kinds of products that they can pro- 
duce, and the resources available to produce them. The Ford Motor Company, 
for example, is very good at producing cars and trucks, but it does not have the 
ability to produce airplanes, computers, or pharmaceuticals. It is also con- 
strained in terms of financial resources and the current production capacity of its 
factories. Given these constraints, Ford must decide how many of each type of 
vehicle to produce. If it wants to produce a larger total number of cars and 
trucks next year or the year after, it must decide whether to hire more workers, 
build new factories, or do both. The theory of the firm, the subject matter of 
Chapters 6 and 7, describes how these trade-offs can best be made. 

A second important theme of microeconomics is the role of prices. All of the 
trade-offs described above are based on the prices faced by consumers, workers, 
or firms. For example, a consumer trades off beef for chicken based partly on iris 
or her preferences for each one, but also on their prices. Likewise, workers tr ade 
off labor for leisure based in part on the "price" that they can get for their 
labor — i.e., the wage. And firms decide whether to hire more workers or pur- 
chase more machines based in part on wage rates and machine prices. 

Microeconomics also describes how prices are determined. In a centrally 
planned economy, prices are set by the government. In a market economy, prices 
are determined by the interactions of consumers, workers, and firms. These 
interactions occur in markets — collections of buyers and sellers that together 
determine the price of a good. In the automobile market, for example, car prices 
are affected by competition among Ford, General Motors, Toyota, and other 
manufacturers, and also by the demands of consumers. The central role of mar- 
kets is the third important theme of microeconomics. We will say more about tire 
nature and operation of markets shortly. 

Theories amid f¥l©dels 

Like any science, economics is concerned with the explanation and prediction of 
observed phenomena. Why, for example, do firms tend to hire or lay off workers 
when the prices of their raw materials change? How many workers are likely to 
be hired or laid off by a firm or an industry if the price of raw materials 
increases by, say, 10 percent? 

In economics, as in other sciences, explanation and prediction are based on 
theories . Theories are developed to explain observed phenomena in terms of a 
set of basic rules and assumptions. The theory of the firm, for example, begins 
with a simple assumption — firms try to maximize their profits. The theory uses 
this assumption to explain how firms choose the amounts of labor, capital, and 
raw materials that they use for production and tire amount of output they pro- 
duce. It also explains how these choices depend on the prices of inputs, such as 
labor, capital, and raw materials, and the prices that firms can receive for their 
outputs. 

Economic theories are also the basis for making predictions. Thus the theory 
of the firm tells us whether a firm's output level will increase or decrease in 
response to an increase in wage rates or a decrease in the price of raw materials. 
With the application of statistical and econometric techniques, theories can be 
used to construct models from which quantitative predictions can be made. A 
model is a mathematical representation, based on economic theory, of a firm, a 
market, or some other entity. For example, we might develop a model of a par- 
ticular firm and use it to predict by how much the firm's output level will change 
as a result of, say, a 10-percent drop in the price of raw materials. 
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Statistics and econometrics also let us measure the accuracy of our predictions. 
For example, suppose we predict that a 10-percent drop in the price of raw mate- 
rials will lead to a 5-percent increase in output. Are we sure that the increase in 
output will be exactly 5 percent, or might it be somewhere between 3 and 7 per- 
cent? Quantifying the accuracy of a prediction can be as important as the predic- 
tion itself. 

No theory, whether in economics, physics, or any other science, is perfectly 
correct. The usefulness and validity of a theory depend on whether it succeeds 
in explaining and predicting the set of phenomena that it is intended to explain 
and predict. Theories, therefore, are continually tested against observation. As a 
result of this testing, they are often modified or refined and occasionally even 
discarded. The process of testing and refining theories is central to the develop- 
ment of economics as a science. 

When evaluating a theory, it is important to keep in mind that it is invariably 
imperfect. This is the case in every branch of science. In physics, for example, 
Boyle's law relates the volume, temperature, and pressure of a gas. 2 The law is 
based ori the assumption that individual molecules of a gas behave as though 
they were tiny, elastic billiard balls. Physicists today know that gas molecules do 
not, in fact, always behave like billiard balls, which is why Boyle's law breaks 
down under extremes of pressure and temperature. Under most conditions, 
however, it does an excellent job of predicting how the temperature of a gas will 
change when the pressure and volume change, and it is therefore an essential 
tool for engineers and scientists. 

The situation is much the same in economics. For example, firms do not max- 
imize their profits all the time. Perhaps because of this, the theory of the firm has 
had only limited success in explaining certain aspects of firms' behavior, such as 
the timing of capital investment decisions. Nonetheless, the theory does explain 
a broad range of phenomena regarding the behavior, growth, and evolution of 
firms and industries, and so it has become an important tool for managers and 
policymakers. 

Positive versus Worm sit i¥@ Analysis 

Microeconomics is concerned with both positive and normative questions. Positive 
questions deal with explanation and prediction, normative questions with what 
ought to be. Suppose the U.S. government imposes a quota on the import of for- 
eign cars. What will happen to the price, production, and sales of cars? What 
impact will this policy change have on American consumers? On workers in the 
positive analysis Analysis automobile industry? These questions belong to the realm of positive analysis: 
describing relationships of statements that describe relationships of cause and effect. 

' 1,1 1 Positive analysis is central to microeconomics. As we explained above, theo- 

ries are developed to explain phenomena, tested against observations, and used 
to construct models from which predictions are made. The use of economic the- 
ory for prediction is important both for the managers of firms and for public pol- 
icy. Suppose the federal government is considering raising the tax on gasoline. 
The change would affect the price of gasoline, consumers' preferences for small 
or large cars, the amount of driving that people do, and so on. To plan sensibly. 


■ Robert Boyle (1627-1691) was a British chemist and physicist who discovered experimentally that 
pressure ( P ), volume (V), and temperature (T) were related in the following way: PV = RT, where R 
is a constant. Later, physicists derived this relationship as a consequence of the kinetic theory of 
gases, which describes the movement of gas molecules in statistical terms 
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oil companies, automobile companies, producers of automobile parts, and firms 
in the tourist industry would all need to estimate the impact of the change. 

Government policymakers would also need quantitative estimates of the effects. 

They would want to determine the costs imposed on consumers (perhaps bro- 
ken down by 7 income categories); the effects on profits and employment in the 
oil, automobile, and tourist industries; and the amount of tax revenue likely to 
be collected each year. 

Sometimes we want to go beyond explanation and prediction to ask such 
questions as "What is best?" This involves normative analysis, which is also normative analysis Analysis 

important for both managers of firms and those making public policy. Again, examining questions of what 

consider a new tax on gasoline. Automobile companies would want to deter- ought to be. 
mine the best (profit-maximizing) mix of large and small cars to produce once 
the tax is in place. Specifically, how much money should be invested to make 
cars more fuel-efficient? For policymakers, the primary issue is likely to be 
whether the tax is in the public interest. The same policy 7 objectives (say 7 , an 
increase in tax revenues and a decrease in dependence on imported oil) might be 
met more cheaply 7 with a different kind of tax, such as a tariff on imported oil. 

Normative analysis is not only concerned with alternative policy 7 options; it 
also involves the design of particular policy 7 choices. For example, suppose it has 
been decided that a gasoline tax is desirable. Balancing costs and benefits, we 
then ask what is the optimal size of the tax. 

Normative analysis is often supplemented by 7 value judgments. For example, 
a comparison between a gasoline tax and an oil import tariff might conclude that 
the gasoline tax will be easier to administer but will have a greater impact on 
lower-income consumers. At that point, society 7 must make a value judgment, 
weighing equity against economic efficiency 7 . 3 When value judgments are 
involved, microeconomics cannot tell us what the best policy is. However, it can 
clarify the trade-offs and thereby 7 help to illuminate the issues and sharpen the 
debate. 



We can divide individual economic units into two broad groups according to 
function — buyers and sellers. Buyers include consumers, who purchase goods 
and services; and firms, which buy labor, capital, and raw materials that they 
use to produce goods and services. Sellers include firms, which sell their goods 
and services; workers, who sell their labor services; arid resource owners, who 
rent land or sell mineral resources to firms. Clearly 7 most people and most firms 
act as both buy 7 ers and sellers, but we will find it helpful to think of them as sim- 
ply 7 buy 7 ers when they 7 are buying something, and sellers when they 7 are selling 
something. 

Together, buyers and sellers interact to form markets. A market is the collection market Collection of buyers 
of buyers and sellers that, through their actual or potential interactions, determine the anci sellers that, through their 

price of a product or set of products. In the market for personal computers, for actual or potential interac- 

example, the buyers are business firms, households, and students; the sellers are producfor setN product ° f 3 


Most of the value judgments involving economic policy boil down to just this trade-off — equity 
versus economic efficiency. This conflict and its implications are discussed clearly and in depth in 
Arthur M. Okun, Equality and E fficiency: The Big Tradeoff (Washington: Brookings Institution, 1975). 
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market definition Deter- 
mination of the buyers, sellers, 
and range of products that 
should be included in a partic- 
ular market 


arbitrage Practice of buying 
at a low price at one location 
and selling at a higher price in 
another. 


market price Price prevail- 
ing in a competitive market. 


Compaq, IBM, Dell, Gateway, and a number of other firms. Note that a market 
includes more than an industry. An industry is a collection af firms that sell the same 
or closely related products. In effect, an industry is the supply side of the market. 

Economists are often concerned with market definition: which buyers and 
sellers should be included in a particular market. When defining a market, poten- 
tial interactions of buyers and sellers can be just as important as actual ones. An 
example of this is the market for gold. A New Yorker who wants to buy gold is 
unlikely to travel to Zurich to do so. Most buyers of gold in New York will inter- 
act only with sellers in New York. But because the cost of transporting gold is 
small relative to its value, buyers of gold in New York could purchase their gold 
in Zurich if the prices there were significantly lower. Significant differences in 
the price of a commodity create a potential for arbitrage: buying at a low price in 
one location and selling at a higher price somewhere else. It is precisely this pos- 
sibility of arbitrage which prevents the prices of gold in New York and Zuiich 
from differing significantly and which creates a world market foi gold. 

Markets are at the center of economic activity, and many of the most interest- 
ing questions and issues in economics concern the functioning of markets. For 
example, why do only a few firms compete with one another in some markets, 
while in others a great many firms compete? Are consumers necessarily bettei 
off if there are many firms? If so, should the government intervene in maikets 
with only a few firms? Wiry have prices in some markets risen or fallen rapidly, 
while in other markets prices have hardly changed at all? And which markets 
offer the best opportunities for an entrepreneur thinking of going into business? 

Competitive versus Byoncompetitive Markets 

In this book, we study the behavior of both competitive and noncompetitive 
markets. A perfectly competitive market has many buyers and sellers, so that no 
single buyer or seller has a significant impact on price. Most agricultural mai- 
kets are close to being perfectly competitive. For example, thousands of faimeis 
produce wheat, which thousands of buyers purchase to produce flour and other 
products. As a result, no single farmer and no single buyer can sigrufrcaritly 
affect the price of wheat. 

Many other markets are competitive enough to be treated as if they were per- 
fectly competitive. The world market for copper, for example, contains a few 
dozen major producers. That number is enough for the impact on pi ice to be 
negligible if anv one producer goes out of business. The same is true foi many 
other natural resource markets, such as those for coal, iron, tin, or lumbei. 

Other markets containing a small number of producers may still be treated as 
competitive for purposes of analysis. For example, the U.S. airline industry con- 
tains several dozen firms, but most routes are served by only a few films. 
Nonetheless, because competition among those firms is often fierce, for some 
purposes the market can be treated as competitive. Finally, some markets con- 
tain many producers but are noncompetitive; that is, individual films can jointly 
affect the price. The world oil market is one example. Since the eaily 1970s, that 
market has been dominated by the OPEC cartel. (A cartel is a group of producers 
that acts collectively.) 

Market Price 

Markets make possible transactions between buyers and sellers. Quantities of a 
good are sold at specific prices. In a perfectly competitive market, a single 
price — the market price— will usually prevail. The price of wheat in Kansas 


Citv and the price of gold in New York are two examples. These prices are usu- 
ally easy to measure. For example, you can find the price of corn, wheat, or gold 
each day in the business section of a newspaper. 

In markets that are not perfectly competitive, different firms might charge dif- 
ferent prices for the same product. This might happen because one firm is trying 
to win customers from its competitors, or because customers have brand loyal- 
ties that allow some firms to charge higher prices than others. For example, two 
brands of laundry detergent might be sold in the same supermarket at different 
prices. Or two supermarkets in the same town might sell the same brand of 
laundry detergent at different prices. In cases such as this, when we refer to the 
market price, we will mean the price averaged across brands or supermarkets. 

The market prices of most goods will fluctuate over time, and for many goods 
the fluctuations can be rapid. This is particularly true for goods sold in competi- 
tive markets. The stock market, for example, is highly competitive because there 
are typically many buyers and sellers for any one stock. As anyone who has 
invested in the stock market knows, the price of any particular stock fluctuates 
from minute to minute and can rise or fall substantially during a single day. 
Likewise, the prices of commodities such as wheat, soybeans, coffee, oil, gold, 
silver, and lumber can rise or fall dramatically in a day or a week. 

Market Definition — ' The Extent of a Market 

As we saw, market definition identifies which buyers and sellers should be 
included in a given market. However, to determine which buyers and sellers to 
include, we must first determine the extent of the market. Tire extent of a market 
refers to its boundaries, both geographically and in terms of the range of products to 
be included in it. 

When we refer to the market for gasoline, for example, we must be clear 
about its geographic boundaries. Are we referring to downtown Los Angeles, 
southern California, or the entire United States? We must also be clear about the 
range of products to which we are referring. Should regular-octane and high- 
octane premium gasoline be included in the same market? Leaded and unleaded 
gasoline? Gasoline and diesel fuel? 

For some goods, it makes sense to talk about a market only in terms of very 
restrictive geographic boundaries. Housing is a good example. Most people who 
work in downtown Chicago will look for housing within commuting distance. 
They will not look at homes 200 or 300 miles away, even though those homes 
might be much cheaper. And homes (together with the land they are sitting on) 
200 miles away cannot be easily moved closer to Chicago. Thus the housing 
market in Chicago is separate and distinct from, say, those in Cleveland, 
Houston, Atlanta, or Philadelphia. Likewise, retail gasoline markets, though less 
limited geographically, are still regional because of the expense of shipping 
gasoline over long distances. Thus the market for gasoline in southern 
California is distinct from that in northern Illinois. On the other hand, as we 
mentioned earlier, gold is bought and sold in a world market; the possibility of 
arbitrage prevents the price from differing significantly from one location to 
another. 

We must also think carefully about the range of products to include in a mar- 
ket. For example, there is a market for 35-millimeter single-lens reflex (SLR) 
cameras, and many brands compete in that market. But what about Polaroid 
instant cameras? Should they be considered part of the same market? Probably 
not, because they are used for different purposes and so do not compete with 


extent of a market Bound- 
aries of a market, both geo- 
graphical and in terms of 
range of products produced 
and sold within it. 
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SLR cameras. Gasoline is another example. Regular and premium octane gaso- 
lines might be considered part of the same market because most consumers can 
use either. Diesel fuel, however, is not part of this market because cars that use 
regular gasoline cannot use diesel fuel, and vice versa. 4 * 

Market definition is important for a number of reasons. A company, for exam- 
ple, must understand who its actual and potential competitors are for the various 
products it now sells or might sell in the future. It must also know the product- 
characteristic boundaries and geographical boundaries of its market in order to 
be able to set price, determine advertising budgets, and make capital investment 
decisiqns. Market definition is likewise important for public-policy decisions. 
Should the government allow a merger or acquisition involving companies that 
produce similar products, or should it challenge it? The answer depends on the 
impact of that merger or acquisition on future competition and prices, and often 
this can be evaluated only by defining the market. 



T he development of a new drug by a pharmaceutical company is an expen- 
sive venture. It begins with large expenditures on research and develop- 
ment, then requires various stages of laboratory and clinical testing, and, if the 
new drug is finally approved, marketing, production, and sales. At that point, 
the firm faces the important problem of determining the price of the new drug. 
Pricing depends on the preferences and medical needs of the consumers who 
will be buying the drug, the characteristics of the drug, and the number and 
characteristics of competing drugs. Pricing a new drug, therefore, requires a 
good understanding of the market in which it will be sold. 

In the pharmaceutical industry, market boundaries are sometimes easy to 
determine, and sometimes not so easy to determine. Markets are usually 
defined in terms of therapeutic classes of drugs. For example, there is a market 
for antiulcer drugs that is very clearly defined. Until a few years ago, there were 
four competitors in the market: Tagamet (produced by Smithkline-Beecham), 
Zantac (produced by Glaxo), Axid (produced by Eli Lilly), and Pepcid (pro- 
duced by Merck). All four drugs work in roughly the same way: They cause the 
stomach to produce less hydrochloric acid. They differ slightly in terms of their 
side effects and their interactions with other drugs that a patient might be tak- 
ing, but in most cases they could be readily substituted for each other.' 

Another example of a clearly defined pharmaceutical market is the market 
for anticholesterol drugs. There are four major products in the market: Merck's 
Mevacor has about 50 percent of the market. Pravachol (Bristol-Myers-Squibb) 
and Zocor (also Merck) each have about 20 percent, and Lescol (Sandoz) about 
10 percent. These drugs all do pretty much the same thing (reduce blood cho- 
lesterol levels) and work in pretty much the same way. While their side effects 


4 How can we determine the extent of a market? Since the market is where the price of a good is 

established, one approach focuses on market prices. We ask whether product prices in different geo- 
graphic regions (or for different product types) are approximately the same, or whether they tend to 
move together If either is the case, we place them in the same market. For a more detailed discus- 
sion, see George J. Stigler and Robert A. Sherwin, "The Extent of the Market," Journal of Law and 
Economics 27 (October 1985): 555-S5. 

' As we will discuss in Example 10.1, more recently Prilosec entered the market, and by 1997 became 
the largest selling drug in the world. It is also an antiulcer drug, but works on a different biochemical 
mechanism. 
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and interactions differ somewhat, they are all close substitutes. Thus when 
Merck sets the price of Mevacor, it must be concerned not only with the will- 
ingness of patients (and their insurance companies) to pay, but also with the 
prices and characteristics of the three competing drugs. Likewise, a drug com- 
pany that is considering whether to develop a new anticholesterol drug knows 
that if it commits itself to the investment and succeeds, it will have to compete 
with the four existing drugs. The company can use this information to project 
its potential revenues from the new drug, and thereby evaluate the investment. 

Sometimes pharmaceutical market boundaries are more ambiguous. 

Consider painkillers, a category that includes aspirin, acetaminophen (sold 
under the brand name Tylenol but also sold generically), ibuprofen (sold under 
such brand names as Motrin and Advil, but also sold generically), naproxen 
(sold by prescription, but also sold over the counter by the brand name Aleve), 
and Voltaren (a more powerful prescription drug produced by Novartis). There 
are many types of painkillers, and some work better than others for certain 
types of pain (e.g., headaches, arthritis, muscle aches, etc.). Side effects likewise 
differ. While some types of painkillers are used more frequently for certain 
symptoms or conditions, there is considerable spillover. For example, depend- 
ing on the severity of the pain and the pain tolerance of the patient, a toothache 
might be treated with any of the painkillers listed above. This substitutability 
makes the boundaries of the painkiller market difficult to define. 


1.8 Real versus Nominal Prices 


We often want to compare the price of a good today with what it was in the past 
or is likely to be in the future. To make such a comparison meaningful, we need 
to measure prices relative to the overall price level In absolute terms, the price of a 
dozen eggs is many times higher today than it was 50 years ago. Relative to 
prices overall, however, it is actually lower. Therefore, we must be careful to cor- 
rect for inflation when comparing prices across time. This means measuring 
prices in real rather than nominal terms. 

The nominal price of a good (sometimes called its "currerit-dollar" price) is 
just its absolute price. For example, the nominal price of a quart of milk was 
about 40 cents in 1970, about 65 cents in 1980, and about $1.05 in 1999. These are 
the prices you would have seen in supermarkets in those years. Tire real price of 
a good (sometimes called its "constant-dollar" price) is the price relative to an 
aggregate measure of prices. In other words, it is the price adjusted for inflation. 

The aggregate measure most often used is the Consumer Price Index (CPI). 
The CPI is calculated by the U.S. Bureau of Labor Statistics and is published 
monthly. It records how the cost of a large market basket of goods purchased by 
a "typical" consumer in some base year changes over time. (Currently the base 
year is 1983.) Percentage changes in the CPI measure the rate of inflation in the 
economy. 6 


nominal price Absolute 
price of a good, unadjusted 
for inflation. 

real price Price of a good 
relative to an aggregate mea- 
sure of prices; price adjusted 
for inflation. 

Consumer Price Index Mea- 
sure of tire aggregate price level. 


Because the market basket is fixed, the CPI can tend to overstate inflation. The reason is that when 
the prices of some goods rise substantially consumers will shift some of their purchases to goods 
whose prices have not risen as much, and the CPI ignores this phenomenon. We will discuss this in 
Chapter 3 
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After correcting for inflation, do we find that milk was more expensive in 
1999 than in 1970? To find out, let's calculate the 1999 price of milk in terms of 
1970 dollars. The CPI was 38. 8 in 1970 and rose to about 167 in 1999/ (There was 
considerable inflation in the United States during the 1970s and early 1980s.) In 
1970 dollars, the price of milk was 

38.8 

— — X S1.05 = SO. 24 

167 

In real terms, therefore, the price of milk was lower in 1999 than it was in 1970. 
Put another way, the nominal price of milk went up by about 162 percent, but the 
CPI went up 330 percent. Relative to the aggregate price level, milk prices fell. 

In this book, we will usually be concerned with real rather than nominal 
prices because consumer choices involve analyses of price comparisons. These 
relative prices can most easily be evaluated if there is a common basis of com- 
parison. Stating all prices in real terms achieves this objective. Thus, even 
though we will often measure prices in dollars, we will be thinking in terms of 
the real purchasing power of those dollars. 


example 1.2 The Price of Eggs and the Price 
of a College Education 


I n 1970, Grade A large eggs cost about 61 cents a dozen, hr the same year, the 
average annual cost of a college education at a private four-year college, 
including room and board, was about $2,530. By 1998, the price of eggs had 
risen to $1.04 a dozen, and the average cost of a college education was $19,213. 
In real terms, were eggs more expensive in 1998 than in 1970? Had a college 
education become more expensive? 

Table 1.1 shows the nominal price of eggs, the nominal cost of a college edu- 
cation, and the CPI for 1970-1998. (The CPI is based on 1983 = 100.) Also 



' Two good sources of data on the national economy are the Economic Report of the President and the 
Statistical Abstract of the United States. Both are published annually and are available from the U S. 
Government Printing Office 




shown are the real prices of eggs and a college education in 1970 dollars, calcu- 
lated as follows: 
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CPI t - 

Real price of eggs in 1975 = ‘“' L X nominal price in 1975 

CPIi975 


CPI - 

Real price of eggs in 1980 = 19/0 X nominal price in 1980 

L M9S0 


and so forth. 

The table shows clearly that the real cost of a college education rose (by 81 
percent) during this period, while the real cost of eggs fell (by 59 percent). It is 
these relative changes in prices that are important for the choices that con- 
sumers must make, not the fact that both eggs and college cost more in dollars 
today than they did in 1970. 

ha the table, we calculated real prices in terms of 1970 dollars, but we could 


have just as easily calculated them in terms of dollars of some other base year. For 
example, suppose we want to calculate the l eal price of eggs in 1 9S0 dollars. Then: 


Real price of eggs in 1975 


GPIiysn 

CPI 1975 


X nominal price in 1975 


Real price of eggs in 1985 


CPIl98Q 

CPI 19 S5 


X nominal price in 1985 


and so forth. By going through the calculations, you can check to see that in 
terms of 1980 dollars, the real price of eggs was $1.30 in 1970, $1.18 in 1975, 84 
cents in 1980, 61 cents in 1985, 64 cents in 1990, and 53 cents in 1998. You will 
also see that the percentage declines hr real price are the same no matter which 
base year we use. 8 



T he federal minimum wage — first instituted in 1938 at a level of 25 cents per 
hour — has been increased periodically over the years. From 1981 through 
1989, for example, it was $3.35 arr hour and was raised to $4.25 an hour in 1990. 
In 1996, after much deliberation and debate, Congress voted to raise the mini- 
mum wage to $4.70 in 1996 and then to $5.15 in 1997 9 

Figure 1.1 shows the minimum wage from 1938 through 1999, both in nomi- 
nal terms and in 1996 constant dollars. Note that although the legislated mini- 
mum wage has steadily increased, in real terms the minimum wage today is 
not very different from what it was in the 1950s. 

Nonetheless, the 1996 decision to increase the minimum wage was a difficult 
one. Although the higher minimum wage would provide a better standard of 

You can get World Wide Web data on the cost of a college education at http: «« collegeboard.org 
and on the price of eggs at http: . wwv. ucon.ag.gcn briefing, foodmark/retail/data. meat/eggs/gra.htm 
Some states also have minimum wages that are higher than the federal minimum wage You can 
learn more about the minimum wage at this Web site: http:, www.dol.gov/dol/esa/public 
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In nominal terms, the minimum wage has increased steadily over the past 60 years. However, in real terms its 1999 
level is below that of the 1970s. 


living for those workers who had been paid below the minimum, some ana- 
lysts feared that it would also lead to increased unemployment among young 
and unskilled workers. The decision to increase the minimum wage, therefore, 
raises both normative and positive issues. The normative issue is whether any 
loss of teenage and low-skilled jobs is outweighed by two factors: (1) the direct 
benefits to those workers who now earn more as a result; and (2) any indirect 
benefits to other workers whose wages might be increased along with the 
wages of those at the bottom of the pay scale. 

An important positive issue is how many fewer workers (if any) would be 
able to get jobs with a higher minimum wage. As we will see in Chapter 14, 
this issue is still hotly debated. Statistical studies have suggested that an 
increase in the minimum wage of about 10 percent would increase teenage 
unemployment by 1 to 2 percent. (Tire actual increase from S4.25 to $5.15 repre- 
sents a S0.90/S4.25 or 21 percent increase.) However, one recent review of the 
evidence questions whether there are airy significant unemployment effects at all. 10 


10 The first study is David Neumark and William Wascher, "Employment Effects of Minimum and 
Subminimum Wages: Panel Data on State Minimum Wage Laws," Industrial and Labor Relations 
Review 46 (October 1992): 55-81 A review of the literature appears in David Card and Alan Krueger, 
Myth and Measurement: The New Economics of the Minimum Wage (Princeton: Princeton University 
Press, 1995). 
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We think that after reading this book you will have no doubt about the impor- 
tance and broad applicability of microeconomics. In fact, one of our major goals 
is to show you how to apply microeconomic principles to actual decision-making 
problems. Nonetheless, some extra motivation early on never hurts. Here are 
two examples that not only show the use of microeconomics in practice but also 
provide a preview of this book. 


Corporate Decision SVlaking: 

Fora's Sport Utility Vehicles 

Bv the mid 1990s, the Ford Explorer had become the best-selling sport utility vehi- 
cle (SUV) in the United States. Then, in 1997, Ford introduced the Expedition — a 
newly designed, larger, and roomier SUV. This car was also a huge success, and 
contributed significantly to Ford's profits. The success of these cars led Ford to 
introduce an even larger and heavier SUV in 1999 — -the Excursion. The design 
and efficient production of these cars involved not only some impressive engi- 
neering advances, but a lot of economics as well. 

First, Ford had to think carefully about how the public would react to the 
design and performance of its new products. How strong would demand be ini- 
tially, and how fast would it grow? How would demand depend on the prices 
that Ford charged? Understanding consumer preferences and trade-offs and pre- 
dicting demand and its responsiveness to price are essential to Ford and every 
other automobile manufacturer. (We discuss consumer preferences and demand 
in Chapters 3, 4, and 5.) 

Next, Ford had to be concerned with the cost of manufacturing these cars. 
How high would production costs be? How would costs depend on the number 
of cars produced each year? How would union wage negotiations or the prices 
of steel and other raw materials affect costs? How much and how fast would 
costs decline as managers and workers gained experience with the production 
process? And to maximize profits, how many of these cars should Ford plan to 
produce each year? (We discuss production and cost in Chapters 6 and 7 and the 
profit-maximizing choice of output in Chapter 8.) 

Ford also had to design a pricing strategy and consider how competi- 
tors would react to it. For example, should Ford charge a low price for the 
basic stripped-down version of the Explorer but high prices for individual 
options, such as leather seats? Or would it be more profitable to make these 
options "standard" items and charge a higher price for the whole package? 
Whatever strategy Ford chose, how were competitors likely to react? Would 
DaimlerChrysler try to undercut Ford bv lowering the price of its Jeep Grand 
Cherokee? Might Ford be able to deter DaimlerChrysler or GM from lowering 
prices by threatening to respond with its own price cuts? (We discuss pricing in 
Chapters 10 and 11 and competitive strategy in Chapters 12 and 13.) 

Because its SUV product line required large investments in new capital equip- 
ment, Ford had to consider both the risks and possible outcomes of its decisions. 
Some of this risk was due to uncertainty over the future price of gasoline (higher 
gasoline prices would reduce the demand for heavy vehicles). Some was due to 
uncertainty over the wages that Ford would have to pay its workers. What 
would happen if world oil prices doubled or tripled, or if the U.S. government 
imposed a heavy tax on gasoline? How much bargaining power would the 
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unions have, and how might union demands affect wage rates? How should 
Ford take these uncertainties into account when making investment decisions? 
(Commodity markets and the effects of taxes are discussed in Chapters 2 and 9. 
Labor markets and union power are discussed in Chapter 14. Investment deci- 
sions and the role of uncertainty are discussed in Chapters 5 and 15.) 

Ford also had to worry about organizational problems. Ford is an integrated 
firm in which separate divisions produce engines and parts and then assemble 
finished cars. How should managers of different divisions be rewarded? What 
price should the assembly division be charged for engines that it receives from 
another division? Should all parts be obtained from the upstream divisions, or 
should some be purchased from outside firms? (We discuss internal pricing and 
organizational incentives for the integrated firm in Chapters 11 and 17.) 

Finally, Ford had to think about its relationship to the government and the 
effects of regulatory policies. For example, all of Ford's cars must meet federal 
emissions standards, and production-line operations must comply with health 
and safety regulations. How might these regulations and standards change over 
time? How might they affect costs and profits? (We discuss the role of govern- 
ment in limiting pollution and promoting health and safety in Chapter 18.) 

Public Policy Design): Automobile Emmas so ©on 
Standards for ttie Twenty-first Century 

In 1970, the Federal Clean Air Act imposed strict tailpipe emission standards on 
new automobiles. These standards have become increasingly stringent — the 
1970 levels of nitrogen oxides, hydrocarbons, and carbon monoxide emitted by 
automobiles had been reduced by about 90 percent by 1999. Now, as the number 
of cars on the roads keeps increasing, the government must consider how strin- 
gent these standards should be in the coming years. 

Tire design of a program like the Clean Air Act involves a careful analysis of the 
ecological and health effects of auto emissions. But it also involves a good deal of 
economics. First, the government must evaluate the monetary impact of the pro- 
gram on consumers. Emission standards affect the cost both of purchasing a car 
(catalytic converters would be necessary, which would raise the cost of cars) and of 
operating it (gas mileage would be lower, and converters would have to be 
repaired and maintained). Because consumers ultimately bear much of this added 
cost, it is important to know how it affects their standards of living. This means ana- 
lyzing consumer preferences and demand. For example, would consumers drive 
less and spend more of their income on other goods? If so, would they be nearly as 
well off? (Consumer preferences and demand are discussed in Chapters 3 and 4.) 

To answer these questions, the government must determine how new stan- 
dards will affect the cost of producing cars. Might automobile producers mini- 
mize cost increases by using new lightweight materials? (Production and cost 
are discussed in Chapters 6 and 7.) Then the government needs to know how 
changes in production costs will affect the production levels and prices of new 
automobiles. Are the additional costs absorbed or passed on to consumers in the 
form of higher prices? (Output determination is discussed in Chapter 8, and 
pricing in Chapters 10 through 13.) 

Finally, the government must ask why the problems related to air pollution 
are not solved by our market-oriented economy. Tire answer is that much of the 
cost of air pollution is external to the firm. If firms do not find it in their self- 
interest to deal adequately with auto emissions, what is the best way to alter 
their incentives? Should standards be set, or is it more economical to impose air 


■ ■ 


Chapter 1 Preliminaries 17 


pollution fees? How do we decide what people will pay to clean up the environ- 
ment when there is no explicit market for clean air? Is the political process likely 
to solve these problems? The ultimate question is whether the auto emissions 
control program makes sense on a cost-benefit basis. Are the aesthetic, health, 
and other benefits of dean air worth the higher cost of automobiles? (These 
problems are discussed in Chapter 18.) 

These are just two examples of how microeconomics can be applied in the 
arenas of private and public policy decision making. You will see many more 
applications as you read this book. 


SUMMARY 


Microeconomics is concerned with the decisions 
made by small economic units — consumers, workers, 
investors, owners of resources, and business firms. It 
is also concerned with the interaction of consumers 
and firms to form markets and industries . 
Microeconomics relies heavily on the use of theory, 
which can (by simplification) help to explain how eco- 
nomic units behave and predict what behavior will 
occur in the future. Models are mathematical repre- 
sentations of theories that can help in this explanation 
and prediction process. 

Microeconomics is concerned with positive questions 
that have to do with the explanation and prediction of 
phenomena. But microeconomics is also important for 
normative analysis, in which we ask what choices are 
best — for a firm or for society as a whole. Normative 
analyses must often be combined with individual 
value judgments because issues of equity and fairness 
as well as of economic efficiency may be involved. 

A market refers to a collection of buyers and sellers 
who interact, and to the possibility for sales and pur- 


chases that results from that interaction. Micro- 
economics involves the study of both perfectly com- 
petitive markets, in which no single buyer or seller 
has an impact on price, and noncompetitive markets, 
in which individual entities can affect price. 

The market price is established by the interaction of 
buyers and sellers. In a perfectly competitive market, 
a single price will usually prevail. In markets that are 
not perfectly competitive, different sellers might 
charge different prices. In this case, the market price 
refers to the average prevailing price. 

When discussing a market, we must be clear about its 
extent in terms of both its geographic boundaries and 
the range of products to be included in it. Some mar- 
kets (e.g , housing) are highly localized, whereas oth- 
ers (e g., gold) are global in nature. 

To eliminate the effects of inflation, we measure real 
(or constant-dollar) prices, rather than nominal (or 
current-dollar) prices. Real prices use an aggregate 
price index, such as the CPI, to correct for inflation. 


FOR REVIEW 


It is often said that a good theory is one that can in 
principle be refuted by an empirical, data-oriented 
study. Explain why a theory that cannot be evaluated 
empirically is not a good theory. 

Which of the following two statements involves posi- 
tive economic analysis and which normative? How 
do the two kinds of analysis differ? 
a. Gasoline rationing (allocating to each individual a 
maximum amount of gasoline that can be pur- 
chased each year) is a poor social policy because it 
interferes with the workings of the competitive 
market system. 


b. Gasoline rationing is a policy under which more 
people are made worse off than are made better off. 

3. Suppose the price of unleaded regular octane gasoline 
were 20 cents per gallon higher in New Jersey than in 
Oklahoma. Do you think there would be an opportu- 
nity for arbitrage (i.e., that firms could buy gas in 
Oklahoma and then sell it at a profit in Jersey)? Why 
or why not? 

4. In Example 1.2, what economic forces explain why the 
real price of eggs has fallen, while the real price of a 
college education has increased? How have these 
changes affected consumer choices? 
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5. Suppose that the Japanese yen rises against the U S. 
dollar; that is, it will take more dollars to buy any 
given amount of Japanese yen. Explain why this 
increase simultaneously increases the real price of 
Japanese cars for U.S. consumers and lowers the real 
price of U.S. automobiles for Japanese consumers. 


6. The price of long-distance telephone service fell from 
40 cents per minute in 1996 to 22 cents per minute in 
1999, a 45-percent (18 cents/40 cents) decrease. The 
Consumer Price Index increased by 10 percent over 
this period. What happened to the real price of tele- 
phone service? 



1. Decide whether each of the following statements is 
true or false and explain why; 

a. Fast-food chains like McDonald's, Burger King, 
and Wendy's operate all over the United States. 
Therefore the market for fast food is a national 
market. 

b. People generally buy clothing in the city in which 
they live. Therefore there is a clothing market in, 
say, Atlanta that is distinct from the clothing mar- 
ket in Los Angeles 

c. Some consumers strongly prefer Pepsi and some 
strongly prefer Coke. Therefore there is no single 
market for colas. 

2. The following table shows the average retail price of 
milk and the Consumer Price Index from 1980 to 1998. 



1980 

1985 

1930 

1995 

1958 

CPI 

100 

130.58 

158.62 

184,95 

197.82 

Retail price of milk 
(fresh, whole, 1/2 gal.) 

SI. 05 

SI .13 

SI .39 

SI. 48 

SI .61 


a. Calculate the real price of milk in 1980 dollars. Has 
the real price increased/decreased/staved the same 
since 1980? 

b. What is the percentage change in the real price 
(1980 dollars) from 1980 to 1998? 

c. Convert the CPI into 1990 = 100 and determine 
the real price of milk in 1990 dollars. 

d. What is the percentage change in real price (1990 
dollars) from 1980 to 1998? Compare this with 
vour answer in (b). What do you notice? Explain. 

3. At the time this book went to print, the minimum 
wage was 55.15. To find the current value of the CPI, 
go to http://www.bls. go\/top20.html. Click on Con- 
sumer Price Index-All Urban Consumers (Current 
Series) and select U.S. All items. This will give you the 
CPI from 1913 to the present. 

a. With these values, calculate the current real mini- 
mum wage in 1990 dollars. 

b. What is the percentage change in the real mini- 
mum wage from 1985 to the present, stated in real 
1990 dollars? 
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O ne of the best ways to appreciate the relevance of eco- 
nomics is to begin with the basics of supply and demand. 
Supply-demand analysis is a fundamental and powerful tool 
that can be applied to a wide variety of interesting and impor- 
tant problems. To name a few: 

□ Understanding and predicting how changing world eco- 
nomic conditions affect market price and production 

E Evaluating the impact of government price controls, mini- 
mum wages, price supports, and production incentives 

E Determining how taxes, subsidies, tariffs, and import quo- 
tas affect consumers and producers 


We begin with a review of how supply and demand curves 
are used to describe the market mechanism. Without govern- 
ment intervention (e.g., through the imposition of price con- 
trols or some other regulatory policy), supply and demand 
will come into equilibrium to determine both the market price 
of a good and the total quantity produced. What that price and 
quantity will be depends on the particular characteristics of 
supply and demand. Variations of price and quantity over 
time depend on the ways in which supply and demand 
respond to other economic variables, such as aggregate eco- 
nomic activity and labor costs, which are themselves changing. 

We will, therefore, discuss the characteristics of supply and 
demand and show how those characteristics may differ from 
one market to another. Then we can begin to use supply and 
demand curves to understand a variety of phenomena — for 
example, why the prices of some basic commodities have 
fallen steadily over a long period while the prices of others 
have experienced sharp gyrations; why shortages occur in cer- 
tain markets; and why announcements about plans for future 
government policies or predictions about future economic 
conditions can affect markets well before those policies or con- 
ditions become reality. 

Besides understanding qualitatively how market price and 
quantity are determined and how they can vary over time, it is 
also important to learn how they can be analyzed quantitatively. 
We will see how simple "back of the envelope" calculations 
can be used to analyze and predict evolving market conditions. 
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supply curve Relationship 
between the quantity' of a 
good that producers are will- 
ing to sell and the price of the 
good. 


We will also show how markets respond both to domestic and international 
macroeconomic fluctuations and to the effects of government interventions. We 
will try to convey this understanding through simple examples and by urging 
you to work through some exercises at the end of the chapter. 


oipply and Demand 

x _ J 


The basic model of supply' and demand is the workhorse of microeconomics. It 
helps us understand why' and how prices change, and what happens when the 
government intervenes in a market. The supply'-demand model combines two 
important concepts: a supply curve and a demand curve. It is important to under- 
stand precisely what these curves represent. 

The Supply Curwe 

The supply curve shows the quantity' of a good that producers are willing to sell 
at a given price, holding constant any other factors that might affect the quantity 
supplied. The curve labeled S in Figure 2.1 illustrates this. The vertical axis of 
the graph shows the price of a good, P, measured in dollars per emit. This is the 
price that sellers receive for a given quantity supplied. The horizontal axis 
shows the total quantity supplied, Q, measured in the number of units per 
period. 

The supply curve is thus a relationship between the quantity supplied and 
the price. We can write this relationship as an equation: 


Qs = Qs(P) 


or we can draw it graphically, as we have done in Figure 2.1. 



FIGURE 2.1 The Supply Curve 


The supply curve, labeled S in the figure, shows how the quantity of a good offered 
for sale changes as the price of the good changes. The supply curve is upward slop- 
ing; tire higher the price, tire more firms are able and willing to produce and sell. If 
production costs fall, firms can produce the same quantity at a lower price or a larger 
quantity' at the same price. The supply' curve then shifts to the right. 


Note that the supply curve slopes upward. In other words, the higher the 
price, the more that firms are able and willing to produce and sell. For example, a 
higher price may enable existing firms to expand production by' hiring extra 
workers or by having existing workers work overtime (at greater cost to the 
firm). Likewise, they may expand production over a longer period of time by 
increasing the size of their plants. A higher price may' also attract new firms to 
the market. These newcomers face higher costs because of their inexperience in 
the market and would therefore have found entry uneconomical at a lower price. 

Other Variables That Affect Supply The quantity supplied can depend 
on other variables besides price. For example, the quantity' that producers are 
willing to sell depends not only on the price they' receive but also on their pro- 
duction costs, including wages, interest charges, and the costs of raw materials. 
The supply' curve labeled 5 in Figure 2.1 was drawn for particular values of 
these other variables. A change in the values of one or more of these variables 
translates into a shift in the supply' curve. Let's see how this might happen. 

The supply' curve S in Figure 2.1 says that at a price P,, the quantity produced 
and sold would be Q,. Now suppose that the cost of raw materials falls. How 
does this affect the supply curve? 

Lower raw material costs — indeed, lower costs of any kind— make produc- 
tion more profitable, encouraging existing firms to expand production and 
enabling new firms to enter the market. If at the same time the market price 
stayed constant at P u we would expect to observe a greater quantity supplied. 
Figure 2.1 shows this as an increase from to Q 2 . When production costs 
decrease, output increases no matter what the market price happens to be. The 
entire supply curve thus shifts to the right, which is shown in the figure as a shift 
from 5 to S'. 

Another way of looking at the effect of lower raw material costs is to imagine 
that the quantity' produced stays fixed at Qj and then ask what price firms would 
require to produce this quantity. Because their costs are lower, they would require 
a lower price — P 2 . This would be the case no matter what quantity was produced. 
Again, we see in Figure 2.1 that the supply curve must shift to the right. 

We have seen that the response of quantity' supplied to changes in price can 
be represented by movements along the supply curve . However, the response of 
supply to changes in other supply'-determining variables is shown graphically 
as a shift of the supply curve itself. To distinguish between these two graphical 
depictions of supply changes, economists often use the phrase change in supply to 
refer to shifts in the supply curve, while reserving the phrase change in the quan- 
tity supplied to apply to movements along the supply' curve. 

Tfh© Demand Cisrwe 

The demand curve shows how much of a good consumers are willing to buy' as 
the price per unit changes. We can write this relationship between quantity 
demanded and price as an equation: 

Qd = Qd(P ) 

or we can draw it graphically, as in Figure 2,2. Note that the demand curve in that 
figure, labeled D, slopes downward: Consumers are usually' ready to buy more if the 
price is lower. For example, a lower price may encourage consumers who have 
already been buying the good to consume larger quantities. Likewise, it may allow 
other consumers who were previously unable to afford the good to begin buying it. 


demand curve Relationship 
between tire quantity of a 
good tlrat consumers are will- 
ing to buy and the price of the 
good. 
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FIGURE 2.2 The Demand Curve 


The demand curve, labeled D, shows how the quantity of a good demanded by con- 
sumers depends on its price. The demand curve is downward sloping; holding other 
things equal, consumers will want to purchase more of a good the lower is its price. 
Tire quantity demanded may also depend on other variables, such as income, the 
weather, and tire prices of other goods. For most products, the quantity demanded in- 
creases when income rises. A higher income level shifts tire demand curve to the right. 

Of course the quantity of a good that consumers are willing to buy can 
depend on other things besides its price. Income is especially important. With 
greater incomes, consumers can spend more money on any good, and some con- 
sumers will do so for most goods. 

Shifting the Demand Curve Let's see what happens to the demand curve 
if income levels increase. As you can see in Figure 2.2, if the market price were 
held constant at P u we would expect to see an increase in the quantity 
demanded — say, from Q, to Q 2 , as a result of consumers' higher incomes. 
Because this increase would occur no matter what the market price, the result 
would be a shift to the right of the entire demand curve. In the figure, this is shown 
as a shift from D to D' Alternatively, we can ask what price consumers would 
pay to purchase a given quantity Q,. With greater income, they should be will- 
ing to pay a higher price — say, P 2 instead of P\ in Figure 2.2. Again, the demand 
curve will shift to the right. As we did with supply, we will use the phrase change 
in demand to refer to shifts in the demand curve, and reserve the phrase change in 
the quantity demanded to apply to movements along the demand curve. 1 

Substitute and Complementary Goods Changes in the prices of related 
goods also affect demand. Goods are substitutes when an increase in the price of 
one leads to an increase in the quantity’ demanded of the other. For example, 
copper and aluminum are substitute goods. Because one can often be substi- 
tuted for the other in industrial use, the quantity of copper demanded will increase if 

1 Mathematically, we can write the demand curve as 

Qn = D(P,I) 

where I is disposable income. When we draw a demand curve, we are keeping / fixed. 


substitutes Two goods for 
which an increase in the price 
of one leads to an increase in 
the quantity demanded of the 
other. 
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the price of aluminum increases. Likewise, beef and chicken are substitute goods 
because most consumers are willing to shift their purchases from one to the 
other when prices change. 

Goods are complements when an increase in the price of one leads to a 
decrease in the quantity demanded of the other. For example, automobiles and 
gasoline are complementary^ goods. Because they tend to be used together, a 
decrease in the price of gasoline increases the quantity' demanded for automobiles. 
Likewise, computers and computer software are complementary goods. Tire price 
of computers has dropped dr amatically over the past decade, fueling an increase 
not only in purchases of computers, but also purchases of software packages. 

We attributed the shift to the right of the demand curve in Figure 2.2 to an 
increase in income. However, this shift could also have resulted from either an 
increase in the price of a substitute good or a decrease in the price of a comple- 
mentary' good. Or it might have resulted from a change in some other variable, 
such as the weather. For example, demand curves for skis and snowboards will 
shift to the right when there are heavy snowfalls. 
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The next step is to put the supply curve and the demand curve together. We 
have done this in Figure 2.3. The vertical axis shows the price of a good, P, again 
measured in dollars per unit. This is now the price that sellers receive for a given 
quantity supplied, and the price that buyers will pay for a given quantity' 
demanded. The horizontal axis shows the total quantity demanded and sup- 
plied, Q, measured in number of units per period. 

Equilibrium The two curves intersect at the equilibrium, or market-clearing 
price and quantity. At this price (P 0 in Figure 2.3), the quantity supplied and the 
quantity demanded are just equal (to Q 0 ). The market mechanism is the ten- 
dency in a free market for the price to change until the market clears — i.e., until 


Price 

(dollars per unit) 



Quantity 


FIGURE 2.3 Supply and Demand 


The market clears at price P 0 and quantity' Q 0 . At the higher price P v a surpli 
develops, so price falls. At the lower price P 2 , there is a shortage, so price is bid uj 


complements Two goods for 
which an increase in the price 
of one leads to a decrease in 
the quantity demanded of the 
other 


equilibrium (or market- 
clearing) price Price that 
equates the quantity supplied 
to the quantity' demanded. 

market mechanism Ten- 
dency in a free market for 
price to change until the 
market clears. 
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the quantity supplied and the quantity demanded are equal. At this point, 
because there is neither excess demand nor excess supply, there is no pressure 
for the price to change further. Supply and demand might not always be in equi- 
librium, and some markets might not clear quickly when conditions change sud- 
denly. The tendency, however, is for markets to clear. 

To understand why markets tend to clear, suppose the price were initially 
above the market-clearing level — say, P i in Figure 2.3. Producers will try to pro- 
surplus Situation in which duce and sell more than consumers are willing to buy. A surplus — a situation in 
the quantity supplied exceeds which the quantity supplied exceeds the quantity demanded — will result. To 

the quantity demanded. sell sur p] us — or a |- least to prevent it from growing — producers would 

begin to lower prices. Eventually, as price fell, quantity demanded would 
increase, and quantity supplied would decrease until the equilibrium price P 0 
was reached. 

The opposite would happen if the price were initially below P 0 — say, at P 2 - A 
shortage Situation in which shortage — a situation in which the quantity demanded exceeds the quantity 

the quantity demanded supplied — would develop, and consumers would be unable to purchase all they 

exceeds the quantity supplied. would like. This would put upward pressure on price as consumers tried to out- 
bid one another for existing supplies and producers reacted by increasing price 
and expanding output. Again, the price would eventually reach P 0 . 


When Can We Use the Supply-Demand Model? When we draw and 
use supply and demand curves, we are assuming that at any given price, a given 
quantify will be produced and sold. This assumption makes sense only if a mar- 
ket is at least roughly competitive. By this we mean that both sellers and buyers 
should have little market power — i.e., little ability individually to affect the market 
price. 

Suppose instead that supply were controlled by a single producer — a monop- 
olist. In this case, there will no longer be a simple one-to-one relationship 
between price and the quantity supplied. Why? Because a monopolist's behav- 
ior depends on the shape and position of the demand curve. If the demand 
curve shifts in a particular way, it may be in the monop>olist's interest to keep the 
quantity fixed but change the price, or to keep the price fixed and change the 
quantity. (How this could occur is explained in Chapter 10.) Thus when we work 
with supply and demand curves, we implicitly assume that we are referring to a 
competitive market. 
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We have seen how supply and demand curves shift in response to changes in 
such variables as wage rates, capital costs, and income. We have also seen how 
the market mechanism results in an equilibrium in which the quantity supplied 
equals the quantity demanded. Now we will see how that equilibrium changes 
in response to shifts in the supply and demand curves. 

Let's begin with a shift in the supply curve. In Figure 2.4, the supply curve 
has shifted from S to S' (as it did in Figure 2.1), perhaps as a result of a decrease 
in the price of raw materials. As a result, the market price drops (from Pj to P 3 ), 
and the total quantity produced increases (from Q x to Q 3 ). This is what we would 
expect: Lower costs result in lower prices and increased sales. (Indeed, gradual 
decreases in costs resulting from technological progress and better management 
are an important driving force behind economic growth.) 
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FIGURE 2.4 New Equilibrium Following Shift in Supply 


Wren the supply curve shifts to the right, the market clears at a lower price P 3 and a 
larger quantity 7 Q 3 . 

Figure 2.5 shows what happens following a rightward shift in the demand 
curve resulting from, say, an increase in income. A new price and quantity 7 result 
after demand comes into equilibrium with supply. As shown in Figure 2.5, we 
would expect to see consumers pay 7 a higher price, P 3 , and firms produce a 
greater quantity 7 , Q 3 , as a result of an increase in income. 

In most markets, both the demand and supply curves shift from time to time. 
Consumers' disposable incomes change as the economy grows (or contracts, 
during economic recessions). The demands for some goods shift with the sea- 
sons (e.g., fuels, bathing suits, umbrellas), with changes in the prices of related 
goods (an increase in oil prices increases the demand for natural gas), or simply 
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FIGURE 2.5 New Equilibrium Following Shift in Demand 


When the demand curve shifts to tire right, tire market clears at a higher price P 3 and 
a larger quantity Q 3 . 




with changing tastes. Similarly wage rates, capital costs, and the prices of law 
materials also change from time to time, and these changes shift the supply cun' e. 

Supply and demand curves can be used to trace the effects of these changes. 
In Figure 2.6, for example, shifts to the right of both supply and demand result 
in a slightly higher price (from P t to P 2 ) and a much larger quantity (from Qi to 
Q 2 ). In general, price and quantity will change depending both on how much the 
supply and demand curves shift and on the shapes of those curves. To predict 
the sizes and directions of such changes, we must be able to characterize quanti- 
tatively the dependence of supply and demand on price and other variables. We 
will turn to this task in the next section. 


example 2.1 The Price of Eggs and the Price of a College 
Education Revisited 


Jf n Example 1.2, we saw that from 1970 to 1998, the real (constant-dollar) price 
21 of eggs fell bv 59 percent, while the real price of a college education rose by 
81 percent. What caused this large decline in egg prices and large increase in 
the price of college? 

We can understand these price changes by examining the behavior of supply 
and demand for each good, as shown in Figure 2.7 . For eggs, the mechanization 
of poultry farms sharply reduced the cost of producing eggs, shifting the sup- 
ply curve downward. At the same time, the demand curve for eggs shifted to 
the left as a more health-conscious population changed its eating habits and 
tended to avoid eggs. As a result, the real price of eggs declined sharply, but 
total annual consumption increased only slightly (from 5300 million dozen to 
5500 million dozen). 

As for college, supply and demand shifted in the opposite directions. 
Increases in the costs of equipping and maintaining modern classrooms, labo- 


(a) The supply curve for eggs shifted downward as production costs fell; the demand curve shifted to the left as con- 
sumer preferences changed. As a result, the real price of eggs fell sharply and egg consumption fell, slightly, (b) The 
supply curve for a college education shifted up as the costs of equipment, maintenance, and staffing rose. The 
demand curve shifted to tire right as a growing number of high school graduates desired a college education. As a 
result, both price and enrollments rose sharply. 


ratories, and libraries, along with increases in faculty salaries, pushed the sup- 
ply curve up. At tire same time, the demand curve shifted to the right as a 
larger and larger percentage of a growing number of high school graduates 
decided that a college education was essential. Thus, despite the increase in 
price, 1998 found more than 12 million students enrolled in undergraduate col- 
lege degree programs, compared with 7.4 million in 1970. 
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age Inequality in the United Sta 




_________ 


M lthough the U.S. economy' has grown vigorously' over the past two 
Xm.decades, the gains from this growth have not been shared equally by all. 
Skilled high-income workers have seen their wages grow substantially', while 
the wages of unskilled low-income workers have, in real terms, actually fallen 
slightly. Overall, there has been growing inequality in the distribution of earn- 
ings, a phenomenon which began around 1980 and has accelerated in recent 
y'ears. For example, from 1977 to 1999, the top 20 percent of the income distri- 
bution experienced an average increase in real (inflation-adjusted) after-tax 
incomes of more than 40 percent, while the bottom 20 percent of the income 
distribution dropped by over 10 percent. If this increase in inequality continues 
during the coming decade, it could lead to social unrest and have other trou- 
bling implications for American society'. 
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Why has income distribution become so much more unequal during the past 
two decades? The answer is in the supply and demand for workers. While the 
supply of unskilled workers — people with limited educations — has grown 
substantially, the demand for them has risen only slightly. This shift of the sup- 
ply curve to the right, combined with little movement of the demand curve, has 
caused wages of unskilled workers to fall. On the other hand, while the supply 
of skilled workers — e.g., engineers, scientists, managers, and economists — has 
grown slowly, the demand has risen dramatically, pushing wages up. (We leave 
it to you as an exercise to draw supply and demand curves and show how they 
have shifted, as was done in Example 2.1.) 

These trends are evident in the behavior of wages for different categories of 
employment For example, the real (inflation-adjusted) earnings of managerial 
and professional workers rose by more than 8 percent from 1983 to 1998. Over 
the same period, the real incomes of relatively unskilled service workers (such 
as restaurant workers, sales clerks, and janitorial workers) fell by more than 
5 percent. 

Most projections point to a continuation of this phenomenon during the 
beginning of the new millennium. As the high-tech sectors of the American 
economy grow, the demand for highly skilled workers is likely to increase fur- 
ther. At the same time, the computerization of offices and factories will further 
reduce the demand for unskilled workers. (This trend is discussed further in 
Example 14.7.) These changes can only exacerbate wage inequality. 


E > 


The Long-Run Behavior of Natural Resource Prices- 


M any people are concerned about the earth's natural resources. At issue 
is whether our energy and mineral resources are likely to be depleted in 
the near future, leading to sharp price increases that could bring an end to 
economic growth. An analysis of supply and demand can give us some 
perspective. 

The earth does indeed have only a finite amount of mineral resources, such 
as copper, iron, coal, and oil. During the past century, however, the prices of 
these and most other natural resources have declined or remained roughly 
constant relative to overall prices. Figure 2.8, for example, shows the price of 
copper iri real terms (adjusted for inflation), together with the quantity con- 
sumed from 1880 to 1998. (Both are shown as an index, with 1880 = 1.) 
Despite short-term variations in price, no significant long-term increase has 
occurred, even though annual consumption is now about 100 times greater 
than in 1880. Similar patterns hold for other mineral resources, such as iron, 
oil, and coal. 2 

Tire demands for these resources grew along with the world economy. (These 
shifts in the demand curve are illustrated in Figure 2.9.) But as demand grew, pro- 
duction costs fell. The decline was due first to the discovery of new and bigger 


2 The data in Figure 2 S are from Robert S. Manthy, Natural Resource Commodities — .4 Century of 
Statistics (Baltimore: Johns Hopkins University Press, 1978), supplemented after 1973 with data from 
the U S Bureau of Mines and from the World Bank. 
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Although annual consumption has increased about a hundredfold, the real (inflation-adjusted) price has not 
changed much. 



Quantity' 


FIGURE 2.9 Long-Run Movements of Supply and Demand 
-for Mineral Resources uh w,. 


Although demand for most resources has increased dramatically over tire past cen- 
tury, prices have fallen or risen only slightly in real (inflation-adjusted) terms be- 
cause cost reductions have shifted the supply curve to the right just as dramatically. 
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elasticity Percentage change 
in one variable resulting from 
a 1-percent increase in another. 


price elasticity of demand 

Percentage change iri quantity 
demanded of a good resulting 
from a 1-percent increase in its 
price. 


deposits, which were cheaper to mine, and then to technical progress and the eco- 
nomic advantage of mining and refining on a large scale. As a result, the supply 
curve shifted over time to the right. Over the long term, because increases in sup- 
ply were greater than increases in demand, price often fell, as shown in Figure 2.9. 

This is not to say that the prices of copper, iron, and coal will decline or 
remain constant forever. After all, these resources are finite. But as prices begin 
to rise, consumption will likely shift, at least in part, to substitute materials. 
Copper, for example, has already been replaced in many applications by alu- 
minum and, more recently, in electronic applications by fiber optics. (See 
Example 2.7 for a more detailed discussion of copper prices.) 
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We have seen that the demand for a good depends not only on its price, but also 
on consumer income and on the prices of other goods. Likewise, supply 
depends both on price and on variables that affect production cost. For example, 
if the price of coffee increases, the quantity demanded will fall, and the quantity 
supplied will rise. Often, however, we want to know how much the quantity sup- 
plied or demanded will rise or fall. How sensitive is the demand for coffee to its 
price? If price increases by 10 percent, how much will the quantity demanded 
change? How much will it change if income rises by 5 percent? We use elasticities 
to answer questions like these. 

An elasticity measures the sensitivity of one variable to another. Specifically, 
it is a number that tells us the percentage change that will occur in one variable in 
response to a 1-percent increase in another variable. For example, the price elasticity of 
demand measures the sensitivity of quantity demanded to price changes. It tells 
us what the percentage change in the quantity demanded for a good will be fol- 
lowing a 1-percerit increase in the price of that good. 

Price Elasticity of Demand Let's look at this in more detail. Denoting 
quantity and price by Q and P, we write the price elasticity of demand as 

E p = (%AQ)/(%AP) 

where %AQ simply means "percentage change in Q" and % AP means "percent- 
age change in P." (The symbol A is the Greek capital letter delta; it means "the 
change in." So AX means "the change in the variable X," say, from one year to 
the next.) The percentage change in a variable is just the absolute change in the 
variable divided by the original level of the variable. (If the Consumer Price Index 
were 200 at the beginning of the year and increased to 204 by the end of the year, 
the percentage change — or annual rate of inflation — would be 4/200 = .02, or 2 
percent.) Thus we can also write the price elasticity of demand as follows: 3 


AQ/Q = P AQ 
A P/P Q A P 


( 2 . 1 ) 


The price elasticity of demand is usually a negative number. When the price 
of a good increases, the quantity demanded usually falls. Thus AQ/AP (the 
change in quantity for a change in price) is negative, as is E p . 


■ 


In terms of infinitesimal changes (letting the A P become very small), £,, = (P/Q)( AQ/AP), 
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When the price elasticity is greater than 1 in magnitude, we say that demand 
is price elastic because the percentage decline in quantity demanded is greater 
than the percentage increase in price. If the price elasticity is less than 1 in mag- 
nitude, demand is said to be price inelastic. In general, the price elasticity of 
demand for a good depends on the availability of other goods that can be substi- 
tuted for it. When there are dose substitutes, a price increase will cause the con- 
sumer to buy less of the good and more of the substitute. Demand will then be 
highly price elastic. When there are no close substitutes, demand will tend to be 
price inelastic. 

Linear Demand Curve Equation (2.1) says that the price elasticity of 
demand is the change in quantity associated with a change in price (AQ/AP) 
times the ratio of price to quantity (P/Q). But as we mor e down the demand 
curve, AQ/AP may change, and the price and quantity will always change. 
Therefore, the price elasticity of demand must be measured at a particular point 
on the demand curve and will generally change as we move along the curve. 

This principle is easiest to see for a linear demand curve — that is, a demand 
curve of the form 

Q = a bP 

As an example, consider the demand curve 

Q = 8 - 2P 

For this curve, AQ/AP is constant and equal to -2 (a AP of 1 results in a AQ 
of -2). However, the curve does not have a constant elasticity. Observe from 
Figure 2.10 that as we move down the curve, the ratio P/Q falls; the elasticity 


Price 

4 



FIGURE 2.10 Linear Demand Curve 


Tire price elasticity of demand depends not only on the slope of the demand curve 
but also on the price and quantity. The elasticity, therefore, varies along tire cume as 
price and quantity change. Slope is constant for this linear demand curve. Near tire 
top, because price is high and quantity is small, the elasticity' is large in magnitude. 
Tire elasticity' becomes smaller as we move down the cume. 


linear demand curve 

Demand curve that is a 
straight line 



32 Parti Introduction: Markets and Prices 



(a) For a horizontal demand curve, A Q/AP is infinite. Because a tiny change in price leads to an enormous change in 
demand, the elasticity of demand is infinite, (b) For a vertical demand curve, AQ/AP is zero. Because the quantity' 
demanded is the same no matter what the price, the elasticity of demand is zero. 


infinitely elastic demand 

Consumers will buy as much 
of a good as they can get at a 
single price, but for any higher 
price the quantity demanded 
drops to zero, while for any 
lower price the quantity 
demanded increases without 
limit. 

completely inelastic demand 
Consumers will buy a fixed 
quantity of a good regardless 
of its price. 


income elasticity of demand 

Percentage change in the 
quantity demanded resulting 
from a 1-percent increase in 
income. 


cross-price elasticity of 
demand Percentage change 
in the quantity demanded of 
one good resulting from a 
1-percent increase in the price 
of another. 


therefore decreases in magnitude. Near the intersection of the curve with the 
price axis, Q is very small, so E„ = — 2 (P/Q) is large in magnitude. When P = 2 
and Q = 4, E„ = — 1. At the intersection with the quantity axis, P = 0 so E p = 0. 

Because we draw demand (and supply) curves with price on the vertical axis 
and quantity on the horizontal axis, AQ/AP = (1 / slope of curve). As a result, for 
any price and quantity combination, the steeper the slope of the curve, the less 
elastic is demand. Figure 2.11 shows two special cases. Figure 2.11(a) shows a 
demand curve reflecting infinitely elastic demand: Consumers will buy as 
much as they can at a single price P*. For even the smallest increase in price 
above this level, quantity demanded drops to zero, and for any decrease in price, 
quantity demanded increases without limit. The demand curve in Figure 2.11(b), 
on the other hand, reflects completely inelastic demand: Consumers will buy a 
fixed quantity Q*, no matter what the price. 


Other Demand Elasticities We will also be interested in elasticities of 
demand with respect to other variables besides price. For example, demand for 
most goods usually rises when aggregate income rises. Tire income elasticity of 
demand is the percentage change in the quantity demanded, Q, resulting from a 
1-percent increase in income I 


A Q/Q = _Z_ AQ 
A I/I Q A I 


(2.2) 


The demand for some goods is also affected by the prices of other goods. 
For example, because butter and margarine can easily be substituted for each 
other, the demand for each depends on the price of the other. A cross-price elas- 
ticity of demand refers to the percentage change in the quantity demanded for a 
good that results from a 1-percent increase in the price of another good. So the 


Chapter 2 The Basics of Supply and Demand 33 


elasticity of demand for butter with respect to the price of margarine would be 
written as 


_ AQ /Q: _ P„, AQ, 

a PJPm Qi, A P„, 


where Q;, is the quantity of butter and P m is the price of margarine. 

In this example, the cross-price elasticities will be positive because tire goods 
are substitutes: Because they compete in the market, a rise in the price of mar- 
garine, which makes butter cheaper relative to margarine, leads to an increase in 
the quantity of butter demanded. (Because the demand curve for butter will 
shift to the right, the price of butter will rise.) But this is not always the case. 

Some goods aie complements: Because they tend to be used together, an increase 
in the price of one tends to push down the consumption of the other. Gasoline 
and motor oil are an example. If the price of gasoline goes up, the quantity of 
gasoline demanded falls — motorists will drive less. But the demand for motor 
oil also falls. (The entire demand curve for motor oil shifts to the left.) Thus, the 
cross-price elasticity of motor oil with respect to gasoline is negative. 

Elasticities of Supply Elasticities of supply are defined in a similar manner. 

Tire price elasticity of supply is the percentage change in the quantity supplied price elasticity of supply 
resulting from a 1 -percent increase in police. This elasticity is usually positive Percentage change in quantity 

because a higher price gives producers an incentive to increase output. supplied resulting from a 

We can also refer to elasticities of supply with respect to such variables as 1 'P ercent lncrease m P nce - 
interest rates, wage rates, and the prices of raw materials and other intermediate 
goods used to manufacture the product in question. For example, for most man- 
ufactured goods, the elasticities of supply with respect to the prices of raw mate- 
rials are negative. An increase in the price of a raw material input means higher 
costs for the firm; other things being equal, therefore, the quantity supplied will 
fall. 



W heat is an important agricultural commodity, and the wheat market has 
been studied extensively by agricultural economists. During the 1980s 
and 1990s, changes in the wheat market had major implications for both 
American farmers and U.S. agricultural policy. To understand what happened, 
let s examine the behavior of supply and demand over this period. 

From statistical studies, we know that for 1981 the supply curve for wheat 
was approximately as follows: 4 

Supply: Q s = 1800 + 240P 


For a survey of statistical studies of the demand and supply of wheat and an analysis of evolving 
market conditions, see Larry Salathe and Sudchada Langley, "An Empirical Analysis of Alternative 
Export Subsidy Programs for U.S Wheat," Agricultural Economics Research 38, No. 1 (Winter 1986). 
The supply and demand curves in this example are based on the studies they survey. 
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where price is measured in nominal dollars per bushel and quantities are in 
millions of bushels per year. These studies also indicate that in 1981 the 
demand curve for wheat was 

Demand: Q D = 3550 - 266 P 

By setting the quantity supplied equal to the quantity demanded, we can deter- 
mine the market-clearing price of wheat for 1981: 

Qs = Qd 

1800 + 240P = 3550 - 266 P 
506P = 1750 

P = S3. 46 per bushel 

To find the market-clearing quantity, substitute this price of $3.46 into either the 
supply curve equation or the demand curve equation. Substituting into the 
supply curve equation, we get 

Q = 1800 + (240)(3.46) = 2630 million bushels 

What are the price elasticities of demand and supply at this price and quan- 
tity? We use the demand curve to find the price elasticity of demand: 


= P AQd = T46 = _ Q 35 

F Q AP 2630' 1 


Thus demand is inelastic. We can likewise calculate the price elasticity of 
supply: 


P AQ S _ T46 
Q AP 2630 


(240) = 0.32 


Because these supply and demand curves are linear, the price elasticities 
will vary as we move along the curves. For example, suppose that a drought 
caused the supply curve to shift far enough to the left to push the price up 
to S4.00 per bushel. In this case the quantity demanded would fall to 
3550 — (266)(4.00) = 2486 million bushels. At this price and quantity, the elas- 
ticity of demand would be 

£p=^(- 266)= -0.43 


The wheat market has evolved over the years, in part because of changes in 
the demand for wheat. The demand for wheat has two components: domestic 
demand (demand by U.S. consumers) and export demand (demand by foreign 
consumers). During the 1980s and 1990s, domestic demand for wheat rose only 
slightly (due to modest increases in population and income). Export demand, 
however, fell sharply. There were several reasons. First and foremost was the 
success of the Green Revolution in agriculture: Developing countries like India, 
which had been large importers of wheat, became increasingly self-sufficient. 
In addition, European countries adopted protectionist policies that subsidized 
their own production and imposed tariff barriers against imported wheat. 
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In 1998, demand and supply were 

Demand: Q D = 3244 - 283 P 
Supply: Q s = 1944 4- 207P 

Once again, equating quantity supplied and quantity demanded yields the 
market-clearing (nominal) price and quantity: 

1944 + 207P = 3244 - 283P 

P = S2.65 per bushel 

Q = 3244 — (283)(2.65) = 2494 million bushels 

Thus the price of wheat fell even in nominal terms. (You can check to see that at 
this price and quantity, the price elasticity of demand was - 0.30 and the price 
elasticity of supply was 0.22.) 

The price of wheat was actually greater than S3. 46 in 1981 because the U.S. 
government bought wheat through its price-support program. In addition, 
throughout the 1980s and 1990s, farmers received direct subsidies for the wheat 
they produced. We discuss how such agricultural policies work and evaluate 
the costs and benefits for consumers, farmers, and the federal budget in 
Chapter 9. 



When analyzing demand and supply, it is important to distinguish between the 
short run and the long run. In other words, if we ask how much demand or sup- 
ply changes in response to a change in price, we must be clear about how much 
time is allowed to pass before measuring the changes in the quantity demanded or sup- 
plied. If we allow only a short time to pass — say, one year or less — then we are 
dealing with the short run. When we refer to the long run, we mean that enough 
time is allowed for consumers or producers to fully adjust to the price change. In 
general, short-run demand and supply curves look very different from their 
long-run counterparts. 

Demand 

For many goods, demand is much more price elastic in the long run than in the 
short run. For one thing, it takes time for people to change their consumption 
habits. For example, even if the price of coffee rises sharply, the quantity 
demanded will fall only gradually as consumers begin to drink less, hr addition, 
the demand for a good might be linked to the stock of another good that changes 
only slowly. For example, the demand for gasoline is much more elastic in the 
long run than in the short run. A sharply higher price of gasoline reduces the 
quantity demanded in the short run by causing motorists to drive less, but it has 
its greatest impact on demand by inducing consumers to buy smaller and more 
fuel-efficient cars. But because the stock of cars changes only slowly, the quantity 
of gasoline demanded falls only slowly. Figure 2.12 shows short-run and long- 
run demand curves for goods such as these. 



(a) In the short run, an increase in price has only a small effect on the quantity of gasoline demanded. Motorists may 
drive less, but they will not change the kinds of cars they are driving overnight. In the longer run, however, because 
they will shift to smaller and more fuel-efficient cars, the effect of the price increase will be larger. Demand, Uierefore, 
is more elastic in the long run than in the short run. (b) Tire opposite is true for automobile demand. If price inci eases, 
consumers initially defer buying new cars; thus annual quantity demanded falls sharply. In the longer run, however, 
old cars wear out and must be replaced; thus annual quantity demanded picks up. Demand, therefore, is less elastic 
in the long run than in the short run. 


Demand and Durability On the other hand, for some goods just the oppo- 
site is true — demand is more elastic in the short run than in the long run. 
Because these goods (automobiles, refrigerators, televisions, or the capital equip- 
ment purchased by industry) are durable, the total stock of each good owned by 
consumers is large relative to annual production. As a result, a small change in 
the total stock that consumers want to hold can result in a large percentage 
change in the level of purchases. 

Suppose, for example, that the price of refrigerators goes up 10 percent, causing the 
total stock of refrigerators that consumers want to hold to drop 5 percent. Initially, 
this will cause purchases of new refrigerators to drop much more than 5 percent. 
But eventually, as consumers' refrigerators depreciate (and units must be replaced), 
the quantity demanded will increase again. In the long run the total stock of refriger- 
ators owned by consumers will be about 5 percent less than before the pi ice inci ease. 
In this case, while the long-run price elasticity of demand for refrigerators would 
be - .05/.10 = - 0.5, the short-run elasticity would be much larger in magnitude. 

Or consider automobiles. Although annual U.S. demand new car purchases 
is about 8 to 11 million, the stock of cars that people own is around 120 million. If 
automobile prices rise, many people will delay buying new cars. The quantity 
demanded will fall sharply, even though the total stock of cars that consumers 
might want to own at these higher prices falls only a small amount. Eventually, 
however, because old cars wear out and must be replaced, the quantity of new 
cars demanded picks up again. As a result, the long-run change in the quantity 
demanded is much smaller than the short-run change. Figure 2.12(b) shows 
demand curves for a durable good like automobiles. 
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Income Elasticities Income elasticities also differ from the short run to the 
long run. For most goods and services — foods, beverages, fuel, entertainment, 
etc.— the income elasticity of demand is larger in the long run than in the short 
run. Consider the behavior of gasoline consumption during a period of strong 
economic growth during which aggregate income rises by 10 percent. 
Eventually people will increase gasoline consumption because they can afford to 
take more trips and perhaps own larger cars. But this change in consumption 
takes time, and demand initially increases only by a small amount. Thus, the 
long-run elasticity will be larger than the short-run elasticity. 

For a durable good, the opposite is true. Again, consider automobiles. If 
aggregate income rises by 10 percent, the total stock of cars that consumers will 
want to own will also rise — say, by 5 percent. But this change means a much 
larger increase in current purchases of cars. (If the stock is 120 million, a 5-percent 
increase is 6 million, which might be about 60 percent of normal demand in a sin- 
gle year.) Eventually consumers succeed in increasing the total number of cars 
owned; after the stock has been rebuilt, new purchases are made largely to 
replace old cars. (These new purchases will still be greater than before because a 
larger stock of cars outstanding means that more cars need to be replaced each 
year.) Clearly, the short-run income elasticity of demand will be much larger 
than the long-run elasticity 7 . 

Cyclical Industries Because the demands for durable goods fluctuate so 
sharply in response to short-run changes in income, the industries that produce 
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Annual growth rates are compared for GNP and investment in durable equipment. Because the short-run GNP elas- 
ticity of demand is larger than the long-run elasticity for long-lived capital equipment, changes in investment in 
equipment magnify changes in GNP. Thus capital goods industries are considered "cyclical." 
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cyclical industries Indus- 
tries in which sales tend to 
magnify cyclical changes in 
gross national product and 
national income. 


these goods are quite vulnerable to changing macroeconomic conditions, and in 
particular to the business cycle— recessions and booms. Hence, these industries 
are often called cyclical industries— their sales patterns tend to magnify cyclical 
changes in gross national product (GNP) and national income. 

Figures 2.13 and 2.14 illustrate this principle. Figure 2.13 plots two variables 
over time: the annual real (inflation-adjusted) rate of growth of GNP and the 
annual real rate of growth of investment in producers' durable equipment (i.e., 
machinery and other equipment purchased by firms). Note that although the 
durable equipment series follows the same pattern as the GNP series, the 
changes in GNP are magnified. For example, in 1961-1966 GNP grew by at least 
4 percent each year. Purchases of durable equipment also grew, but by much 
more (over 10 percent in 1963-1966). Equipment investment likewise grew 
much faster than GNP during 1993-1998. On the other hand, during the reces- 
sions of 1974-1975, 1982, and 1991, equipment purchases fell by much more 
than GNP. 

Figure 2.14 also shows the real rate of growth of GNP, along with the annual 
real rates of growth of spending by consumers on durable goods (automobiles, 
appliances, etc.), and nondurable goods (food, fuel, clothing, etc.). Note that 
while both consumption series follow GNP, only the durable goods series tends 
to magnify changes in GNP. Changes in consumption of nondurables are 



Annual growth rates are compared for GNP, consumer expenditures on durable goods (automobiles, appliances, fur- 
niture, etc.), and consumer expenditures on nondurable goods (food, clothing, sendees, etc.). Because the stock of 
durables is large compared with annual demand, short-run demand elasticities are larger than long-riur elasticities. 
Like capital equipment, industries that produce consumer durables are "cyclical" (i.e., changes in GNP are magni- 
fied). This is not true for producers of nondurables. 
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roughly the same as changes in GNP, but changes in consumption of durables 
are usually several times larger. This is why companies such as General Motors 
and General Electric are considered "cyclical": Sales of cars and electrical appli- 
ances are strongly affected by changing macroeconomic conditions. 


Demand for Gasoline and Automobiles 


G asoline and automobiles exemplify some of the different characteristics of 
demand discussed above. They are complementary goods — an increase in 
the price of one tends to reduce the demand for the other. In addition, their 
respective dynamic behaviors (long-run versus short-run elasticities) are just 
the opposite from each other. For gasoline, the long-run price and income elas- 
ticities are larger than the short-run elasticities; for automobiles, the reverse is 


There have been a number of statistical studies of the demands for gasoline 
and automobiles. Here we report elasticity estimates from a study that empha- 
sizes the dynamic response of demand. 3 Table 2.1 shows price and income elas- 
ticities of demand for gasoline in the United States for the short run, the long 
run, and just about everything in between. 

Note the large differences between the long-run and the short-run elastici- 
ties. Following the sharp increases that occurred in the price of gasoline with 
the rise of the OPEC oil cartel in 1974, many people (including executives in the 
automobile and oil industries) claimed that the quantity of gasoline demanded 
would not change much — that demand was not very elastic. Indeed, for the 
first year after the price rise, they were right. But demand did eventually 
change. It just took time for people to alter their driving habits and to replace 
large cars with smaller and more fuel-efficient ones. This response continued 
after the second sharp increase in oil prices that occurred in 1979-1980. It was 
partly because of this response that OPEC could not maintain oil prices above 
S30 per barrel, and prices fell. 

Table 2.2 shows price and income elasticities of demand for automobiles. 
Note that the short-run elasticities are much larger than the long-run elastici- 
ties. It should be clear from the income elasticities why the automobile industry 


1 TABLE 2 1 

Demand for Gasoline 


. / : ~ 




NUMBER OF YEARS ALLOWED TO PASS FOLLOWING 
A PRICE OR INCOME CHANGE 


Elasticity 

1 

2 3 

5 

10 

20 

Price 

-0.11 

-0.22 -0.32 

-0.49 

-0.82 

-1.17 

Income 

0.07 

0.13 0.20 

0.32 

0.54 

0.78 


The elasticity estimates are from R. S. Pindyck, The Structure of World Energy Demand (Cambridge, 
MA: MIT Press, 1979) For related demand studies and elasticity estimates, see Carol Dahl and 
Thomas Sterner, "Analyzing Gasoline Demand Elasticities: A Survey," Energy Economics (July 1991); 
Molly Espey, "Watching the Fuel Gauge: An International Model of Automobile Fuel Economy," 
Energy Economics (April 1996); and David L. Greene, James R„ Kahn, and Robert C. Gibson, "Fuel 
Economy Rebound Effects for U.S. Household Vehicles," The Energy Journal 20, No. 3 (1999) . 
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is so highly cyclical. For example, GNP fell by nearly 3 percent in real (inflation- 
adjusted) terms during the 1982 recession, but automobile sales fell by about 8 
percent in real terms. 6 Auto sales recovered, however, during 1983-1985. They 
also fell by about 8 percent during the 1991 recession (when GNP fell 2 per- 
cent), but began to recover in 1993, and rose sharply during 1995-1999. 



Elasticities of supply also differ from the long run to the short run. For most 
products, long-run supply is much more price elastic than short-run supply: 
Firms face capacity constraints in the short run and need time to expand capacity 
by building new production facilities and hiring workers to staff them. This is 
not to say that the quantity supplied will not increase in the short run if price 
goes up sharply. Even in the short run, firms can increase output by using their 
existing facilities for more hours per week, paying workers to work overtime, 
and hiring some new workers immediately But firms will be able to expand out- 
put much more when they have the time to expand their facilities and hire a 
larger permanent workforce. 

For some goods and sendees, short-run supply is completely inelastic. Rental 
housing in most cities is air example. In the very short run, there is only a fixed num- 
ber of rental units. Thus an increase in demand only pushes rents up. In the longer 
run, and without rent controls, higher rents provide an incentive to renovate exist- 
ing buildings and construct new ones. As a result, tire quantity supplied increases. 

For most goods, however, firms can find ways to increase output even in the 
short run — if the price incentive is strong enough. However, because various 
constraints make it costly to increase output rapidly, it may require large price 
increases to elicit small short-run increases in the quantity supplied. We discuss 
these characteristics of supply in more detail in Chapter 8. 

Supply and Durability For some goods, supply is more elastic in the short 
run than in the long run. Such goods are durable and can be recycled as part of 
supply if price goes up. An example is the secondary supply of metals: the supply 
from scrap metal, which is often melted down and refabricated. When the price of 
copper goes up, it increases the incentive to convert scrap copper into new sup- 
ply, so that, initially, secondary supply increases sharply. Eventually, however, 
the stock of good-quality scrap falls, making the melting, purifying, and refabri- 
cating more costly. Secondary supply then contracts. Thus the long-run price 
elasticity of secondary supply is smaller than the short-run elasticity. 

° This includes imports, which were capturing a growing share of the U S. market. Domestic auto 
sales fell by even more. 
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Like that of most goods, the supply of primary copper, shown in part (a), is more elastic in the long run. If price 
increases, firms would like to produce more but are limited by capacity constraints in the short run. In the longer run, 
they can add to capacity and produce more. Part (b) shows supply curves for secondary copper. If tire price increases, 
there is a greater incentive to convert scrap copper into new supply. Initially, therefore, secondary supply (i.e., supply 
from scrap) increases sharply. But later, as the stock of scrap falls, secondary supply contracts. Secondary supply is 
therefore less elastic in the long run than in tire short run. 



Figures 2.15(a) and 2.15(b) show short-run and long-run supply curves for 
primary (production from the mining and smelting of ore) and secondary cop- 
per production. Table 2.3 shows estimates of the elasticities for each component 
of supply and for total supply, based on a weighted average of the component 
elasticities.' Because secondary supply is only about 20 percent of total supply, 
the price elasticity of total supply is larger in the long run than in the short run. 


example 2.6 The Weather in Brazil and the Price of Coffee 
in New York 


D roughts or subfreezing weather occasionally destroy or damage many of 
Brazil's coffee trees. Because Brazil produces much of the world's coffee, 
the result is a decrease in the supply of coffee and a sharp run-up in its price. 


These estimates were obtained by aggregating the regional estimates reported in Franklin M. 
Fisher, Paul H Cootner, and Martin N. Baily, "An Econometric Model of the World Copper 
Industry'/' Bell journal of Economics 3 (Autumn 1972): 56S-609. 
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When droughts or freezes damage Brazil's coffee trees, the price of coffee can soar. The 
price usually falls again after a few years, as demand and supply adjust. 


In July 1975, for example, a frost destroyed most of Brazil's 1976-1977 coffee 
crop. (Remember that it is winter in Brazil when it is summer in the northern 
hemisphere.) As Figure 2.16 shows, the price of a pound of coffee in New York 
went from 68 cents in 1975 to $1.23 in 1976 and $2.70 in 1977. Prices fell, but 
then jumped again in 1986, after a seven-month drought in 1985 ruined much 
of Brazil's crop. Filially, starting in June 1994, freezing weather followed by a 
drought destroyed nearly half of Brazil's 1995-1996 crop. As a result, the price 
of coffee in 1994-1995 was about double its 1993 level. By 1998, however, the 
price had dropped considerably. 

The run-up price following a freeze or drought is usually short-lived, how- 
ever. Within a year, price begins to fall; within three or four years, it returns to its 
earlier levels, hi 1978, for example, the price of coffee in New York fell to $1.48 per 
pound, and by 1983 it had fallen in real (inflation-adjusted) terms to within a few 
cents of its prefreeze 1975 price. 8 Likewise, in 1987 the price of coffee fell to below 
its predrought 1984 level, and then continued declining until the 1994 freeze. 


s During 1980, however, prices temporarily went just above S2.00 per pound as a result of export 
quotas imposed under the International Coffee Agreement (ICA). The ICA is essentially a cartel 
agreement implemented by the coffee-producing countries in 196S. It has been largely ineffective 
and has seldom had an effect on the price. We discuss cartel pricing in detail in Chapter 12. 
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Coffee prices behave this way because both demand and supply (especially 
supply) are much more elastic in the long run than in the short run. Figure 2.17 
illustrates this. Note from part (a) of the figure that in the very short run (within 
one or two months after a freeze), supply is completely inelastic: There are sim- 
ply a fixed number of coffee beans, some of which have been damaged by the 
frost. Demand is also relatively inelastic. As a result of the frost, the supply 
curve shifts to the left, arid price increases sharply, from P 0 to P v 




(a) A freeze or drought in Brazil causes the supply curve to shift to the left. In tine short run, supply is completely 
Inelastic; only a fixed number of coffee beans can be harvested. Demand is also relatively inelastic; consumers change 
their habits only slowly. As a result, the initial effect of the freeze is a sharp increase in price, from P 0 to P 1 . (b) In the 
intermediate run, supply and demand are both more elastic; thus price falls part of the way back, to P 2 . (c) In the long 
run, supply is extremely elastic; because new coffee trees will have had time to mature, the effect of the freeze will 
have disappeared. Price returns to P 0 . 
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In the intermediate run — say, one year after the freeze — both supply and 
demand are more elastic, supply because existing trees can be harvested more 
intensively (with some decrease in quality), and demand because consumers 
have had time to change their buying habits. As part (b) shows, although the 
intermediate-run supply curve also shifts to the left, price has come down from 
Pi to P 2 . The quantity supplied has also increased somewhat from the short 
run, from Qj to Q 2 . In the long rim shown in part (c), price returns to its normal 
level because growers have had time to replace trees damaged by the freeze. 
Tire long-run supply curve, then, simply reflects the cost of producing coffee, 
including the costs of land, of planting and caring for the trees, and of a com- 
petitive rate of profit. 9 
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So far our discussion of supply and demand has been largely qualitative. To use 
supply and demand curves to analyze and predict the effects of changing mar- 
ket conditions, we must begin attaching numbers to them. For example, to see 
how a 50-percent reduction in the supply of Brazilian coffee may affect the 
world price of coffee, we must determine actual supply and demand curves and 
then calculate the shifts in those curves and the resulting changes in price. 

In this section, we will see how to do simple "back of the envelope" calculations 
with linear supply and demand curves. Although they are often approximations 
of more complex curves, we use linear curves because they are easier to work 
with. It may come as a surprise, but one can do some informative economic 
analyses on the back of a small envelope with a pencil and a pocket calculator. 

First, we must learn how to "fit" linear demand and supply curves to market 
data. (By this we do not mean statistical fitting in the sense of linear regression or 
other statistical techniques, which we discuss later in the book.) Suppose we 
have two sets of numbers for a particular market: The first set consists of the 
price and quantity that generally prevail in the market (i.e., the price and quan- 
tity that prevail "on average," when the market is in equilibrium, or when mar- 
ket conditions are "normal"). We call these numbers the equilibrium price and 
quantity and denote them by P* and Q*. The second set consists of the price elas- 
ticities of supply and demand for the market (at or near the equilibrium), which 
we denote by E s and E Dl as before. 

These numbers may come from a statistical study done by someone else; they 
may be numbers that we simply think are reasonable; or they may be numbers 
that we want to try out on a "what if" basis. Our goal is to write down the supply 
and demand curves that fit (i.e., are consistent with) these numbers. We can then 
determine numerically how a change in a variable such as GNP, the price of 
another good, or some cost of production will cause supply or demand to shift 
and thereby affect market price and quantity. 


' You can learn more about the world coffee market from the Foreign Agriculture Service of the U.S. 
Department of Agriculture Their Web site is u wu .fas. usda.gov/market.htm!. 
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Let's begin with the linear curves shown in Figure 2.18. We can write these 
airves algebraically as follows: 

Demand: Q — a — bP (2.4a) 

Supply: Q = c + dP (2.4b) 

Our problem is to choose numbers for the constants a, b, c, and d. This is done, 
for supply and for demand, in a two-step procedure: 

a Step 2: Recall that each price elasticity, whether of supply or demand, can be 
written as 

E = (P/Q)(AQ/AP), 

where AQ/AP is the change in quantity demanded or supplied resulting from 
a small change in price. For linear curves, AQ/AP is constant. From equations 
(2.4a) and (2.4b), we see that AQ/AP = d for supply and AQ/AP = -b for 
demand. Now, let's substitute these values for AQ/AP into the elasticity for- 
mula: 

Demand: E D = —b(P*/Q*) (2.5a) 

Supply: E s = d{P*/Q*), (2.5b) 



Supply: Q =c + dP 


| E d = -bP*/Q* 
(E s = dP*/Q* 



Demand: Q = a-bP 


Quantity 


Linear supply and demand curves provide a convenient tool for analysis. Given data 
for the equilibrium price and quantity P* and Q*, as well as estimates of the elastici- 
ties of demand and supply E D and E s , we can calculate the parameters c and d for tire 
supply curve and a and b for the demand curve. (In the case drawn here, c < 0.) Tire 
curves can then be used to analyze the behavior of the market quantitatively. 
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where P* and Q* are the equilibrium price and quantity for which we have 
data and to which we want to fit the curves. Because we have numbers for E S/ 
E d , P*, and Q*, we can substitute these numbers in equations (2.5a) and (2.5b) 
and solve for b and d. 

a Step 2: Since we now know b and d, we can substitute these numbers, as well 
as P* and Q*, into equations (2.4a) and (2.4b) and solve for the remaining con- 
stants a and c. For example, we can rewrite equation (2.4a) as 

a = Q* + bP* 

and then use our data for Q * and P*, together with the number we calculated 
in Step 1 for b, to obtain a. 

Let's apply this procedure to a specific example: long-run supply and demand 
for the world copper market. The relevant numbers for this market are as follows: 10 

Quantity Q* = 7.5 million metric tons per year (mmt/yr) 

Price P* = 75 cents per pound 
Elasticity of supply E s = 1.6 
Elasticity of demand E D = —0.8 

(The price of copper has fluctuated during the past decade between 50 cents and 
more than $1.30, but 75 cents is a reasonable average price for 1980-1990.) 

We begin with the supply curve equation (2.4b) and use our two-step proce- 
dure to calculate numbers for c and d. The long-run price elasticity of supply is 
1.6, P* = .75, and Q* = 7.5. 

H Step 1: Substitute these numbers in equation (2.5b) to determine d: 

1.6 = rf(0.75/7.5) = O.lrf, 

so that d — 1. 6/0.1 = 16. 

a Step 2: Substitute this number for d, together with the numbers for P* and Q*, 
into equation (2.4b) to determine c: 

7.5 = c + (16)(0.75) = c + 12, 

so that c = 7. 5 — 12 = —4.5. We now know c and d, so we can write our sup- 
ply curve: 

Supply: Q = — 4.5 + 16P 

We can now follow the same steps for the demand curve equation (2.4a). An 
estimate for the long-run elasticity of demand is — 0.8. First, substitute this num- 
ber, as well as the values for P* and Q*, into equation (2.5a) to determine b: 

-0.8 = — 6(0.75/7.5) = -0.1b, 


10 The supply elasticity is for primary supply, as shown in Table 2.3. The demand elasticity is a 
regionally aggregated number based on Fisher, Cootner, and Baily, "An Econometric Model." 
Quantities refer to what was then the non-Communist world market. 
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so that b — 0. 8/0.1 = 8. Second, substitute this value for b and the values for P * 
and Q* in equation (2.4a) to determine a: 

7.5 = a - (8)(0.75) = a — 6, 

so that n = 7.5 4- 6 = 13.5. Thus, our demand curve is 

Demand: Q = 13.5 — 8 P 

To check that we have not made a mistake, let's set the quantity supplied 
equal to the quantity demanded and calculate the resulting equilibrium price: 

Supply = -4.5 + 16P = 13.5 -8 P = Demand 
16P + 8 P = 13.5 + 4.5 


or P = 18/24 = 0.75, which is indeed the equilibrium price with which we 


began. 


Although we have written supply and demand so that they depend only on 
price, they could easily depend on other variables as well. Demand, for example, 
might depend on income as well as price. We would then write demand as 


Q = a - bP + fl, (2.6) 

where 1 is an index of aggregate income or GNP. For example, I might equal 1.0 
in a base year and then rise or fall to reflect percentage increases or decreases in 
aggregate income. 

For our copper market example, a reasonable estimate for the long-run 
income elasticity of demand is 1.3. For the linear demand curve (2.6), we can 
then calculate / by using the formula for the income elasticity of demand: 
E = (I/Q) (AQ/AI). Taking the base value of 1 as 1.0, we have 

1.3 = (1.0/7.5)(/) 

Thus / = (1.3)(7.5)/(1.0) = 9.75. Finally, substituting the values b — 8, / = 9.75, 
P * = 0.75, and Q* = 7.5 into equation (2.6), we can calculate that a must equal 3.75. 

We have seen how to fit linear supply and demand curves to data. Now, to see 
how these curves can be used to analyze markets, let's look at Example 2.7, 
which deals with the behavior of copper prices, and Example 2.8, which con- 
cerns the world oil market. 


ilS&A MPLE 2.7 


Declining Demand and the Behavior 
of Copper Prices 


A fter reaching a level of about $1.00 per pound in 1980, the price of copper 
fell sharply to about 60 cents per pound in 1986. In real (inflation-adjusted) 
terms, this price was even lower than during the Great Depression 50 years 
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earlier. Only in 1988-1989 did prices recover somewhat, largely as a result of 
strikes by miners in Peru and Canada and disrupted supplies. Figure 2.19 
shows the behavior of copper prices in 1965-1999 in both real and nominal 
terms. 

Worldwide recessions in 1980 and 1982 contributed to the decline of cop- 
per prices; as mentioned above, the income elasticity of copper demand is 
about I.j. But copper demand did not pick up as the industrial economies 
recovered during the mid-1980s. Instead, the 1980s saw a steep decline in 
demand. 

Tliis decline occurred for two reasons. First, a large part of copper consump- 
tion is for the construction of equipment for electric power generation and 
transmission. But by the late 19/0s, the growth rate of electric power generation 
had fallen dramatically in most industrialized countries, hr the United States, 
for example, the growth rate fell from over 6 percent per annum in the 1960s 
and early 1970s to less than 2 percent in the late 1970s and 1980s. This decline 
meant a big drop in what had been a major source of copper demand. Second, 
in the 1980s, other materials, such as aluminum and fiber optics, were increas- 
ingly substituted for copper. 



FIGURE 2.19 Copper Prices, 1965-1999 


Copper prices are shown in both nominal (no adjustment for inflation) and real 
(inflation-adjusted) terms. In real terms, copper prices declined steeply from the 
early 1970s through the mid-1980s as demand fell. In 1988—1990, copper prices rose 
m response to supply disruptions caused by strikes in Peru and Canada but later fell 
after the strikes ended. Prices declined sharply during 1996-1999. 
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Copper producers are concerned about the possible effects of further 
declines in demand, particularly as strikes end and supplies increase. 
Declining demand, of course, will depress prices. To find out how much, we 
can use the linear supply and demand curves that we just derived. Let's calcu- 
late the effect on price of a 20-percent decline in demand. Because we are not 
concerned here with the effects of GNP growth, we can leave the income term 
fl out of demand. 

We want to shift the demand curve to the left by 20 percent. In other words, 
we want the quantity demanded to be 80 percent of what it would be otherwise 
for every value of price. For our linear demand curve, we simply multiply the 
right-hand side by 0.8: 

Q = (0.8)(13.5 - 8P) = 10.8 - 6.4P 

Supply is again Q = — 4.5 -f 16P. Now we can equate the quantity supplied 
and the quantity demanded and solve for price: 

16P + 6.4P = 10.8 + 4.5, 

or P = 15.3/22.4 = 68.3 cents per pound. A decline in demand of 20 percent, 
therefore, entails a drop in price of roughly 7 cents per pound, or 10 percent. 11 


example 2.8 Upheaval in the World Oil Market 




rnce the early 1970s, the world oil market has been buffeted by the OPEC 
O' cartel and by political turmoil in the Persian Gulf, hr 1974, by collectively 
restraining output, OPEC (the Organization of Petroleum Exporting Countries) 
pushed world oil prices well above what they would have been in a competi- 
tive market. OPEC could do this because it accounted for much of world oil 
production. During 1979-1980, oil prices shot up again, as the Iranian revolu- 
tion and the outbreak of the Iran-Iraq war sharply reduced Iranian and Iraqi 
production. During the 1980s, the price gradually declined, as demand fell and 
competitive (i.e., non-OPEC) supply rose in response to price. Prices remained 
relatively stable during 1988-1999, except for a temporary spike in 1990 
following the Iraqi invasion of Kuwait, a decline during 1997-1998, and an 
increase in 1999. Figure 2.20 shows the world price of oil from 1970 to 1999, in 
both nominal and real terms. 

The Persian Gulf is one of the less stable regions of the world, which has led 
to concern over the possibility of new oil supply disruptions and sharp 
increases in oil prices. What would happen to oil prices — in both the short run 
and longer run — if a war or revolution in the Persian Gulf caused a sharp cut- 
back in oil production? Let's see how simple supply and demand curves can be 
used to predict the outcome of such an event. 

11 You can obtain recent data and learn more about the behavior of copper prices by accessing the Web 

site of the U.S. Geological Survey at http: minerals.usgs.gov/minerals. pubs/commoditv copper. 



The OPEC cartel and political events caused the price of oil to rise sharply at times. It 
later fell as supply and demand adjusted. 


This example is set in 1997, so all prices are measured in 1997 dollars. Here 
are some rough figures: 

H 1997 World price = $18 per barrel 

a World demand and total supply = 23 billion barrels per year (bb/yr) 
a 1997 OPEC supply = 10 bb/yr 
a Competitive (non-OPEC) supply = 13 bb/yr. 12 

The following table gives price elasticity estimates for oil supply and demand: 1 ' 1 



SHORT-RUN 

LONG-RUN 

World demand: 

-0.05 

-0.40 

Competitive supply: 

0.10 

0.40 


"Non-OPEC supply includes the production of China and the former Soviet republics. 

11 For the sources of these numbers and a more detailed discussion of OPEC oil pricing, see Robert S. 
Pindyck, "Gains to Producers from the Cartelization of Exhaustible Resources,” Review of Economics 
and Statistics 60 (May 1978): 238—51; James M. Griffin and David J Teece, OPEC Behavior and World 
Oi! Prices (London: Allen and Unwin, 1982); and Hillard G. Huntington, "Inferred Demand and 
Supply Elasticities from a Comparison of World Oil Models," in T Sterner, ed„ International Energy 
Economics (London: Chapman and Hall, 1992) 
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You should verify that these numbers imply the following for demand and 
competitive supply in the short run: 

Short-run demand: D = 24.08 — 0.06P 

Short-run competitive supply: S c - 11.74 + 0.07P 

Of course, total supply is competitive supply plus OPEC supply, which we take 
as constant at 10 bb/yr. Adding this 10 bb/yr to the competitive supply curve 
above, we obtain the following for the total short-run supply: 

Short-run total supply: S T = 21.74 + 0.07P 

You should verify that the quantity demanded and the total quantity supplied 
are equal at an equilibrium price of $18 per barrel. 

You should also verify that the corresponding demand and supply curves 
for the long run are as follows: 

Long-run demand: D = 32.18 — 0.51P 

Long-run competitive supply: S c = 7.78 + 0.29P 
Long-run total supply: S T = 17.78 + 0.29P 

Again, you can check that the quantities supplied and demanded equate at a 
price of $18. 

Saudi Arabia is one of the world's largest oil producers, accounting for 
roughly 3 bb/yr, which is nearly one third of OPEC production and about lo 
percent of total world production. What would happen to the price of oil if, 
because of war or political upheaval, Saudi Arabia stopped producing oil? We 
can use our supply and demand curves to find out. 

For the short run, simply subtract 3 from total supply: 

Short-run demand: D = 24.08 — 0.06P 

Short-run total supply: S T = 18.74 + 0.07P 

By equating this total quantity supplied with the quantity demanded, we can 
see that in the short rum, the price will more than double to $41.08 per barrel. 
Figure 2.21 shows this supply shift and the resulting short-rum increase in price. 
Tire initial equilibrium is at the intersection of S T and D. After the drop in Saudi 
production, the equilibrium occurs where S'j and D cross. 

hr the long run, however, things will be different. Because both demand and 
competitive supply are more elastic in the long run, the 3 bb/yr cut in oil pro- 
duction will no longer support such a high price. Subtracting 3 from long-run 
total supply and equating with long-run demand, we can see that the price will 
fall to $21.75, only S3. 75 above the initial $18 price. 

Thus, if Saudi Arabia suddenly stops producing oil, we should expect to see 
more than a doubling in price. However, we should also expect to see the price 
gradually decline afterward, as demand falls and competitive supply rises. As 
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The total supply is the sum of competitive (noit-OPEC) supply and the 10 bb/yr of 
OPEC supply Part (a) shows the short-run supply and demand curves. If Saudi 
Arabia stops producing, the supply curve will shift to the left by 3 bb/yr. In the short- 
run, price will increase sharply. Part (b) shows long-run curves. In the long run, 
because demand and competitive supply are much more elastic, the impact on price 
will be much smaller. 
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Figure 2.20 shows, this is indeed what happened following the sharp decline in 
Iranian and Iraqi production in 1979-1980. History may or may not repeat 
itself, but if it does, we can at least predict the impact on oil prices. 14 


Effects of Government intervention- 


i rice montroij 


In the United States and most other industrial countries, markets are rarely free 
of government intervention. Besides imposing taxes and granting subsidies, 
governments often regulate markets (even competitive markets) in a variety of 
ways. In this section we will see how to use supply and demand curves to ana- 
lvze the effects of one common form of government intervention: price controls. 
Later, in Chapter 9, we will examine the effects of price controls and other forms 
of government intervention and regulation in more detail. 

Figure 2.22 illustrates the effects of price controls. Here, P 0 and Q 0 are the 
equilibrium price and quantity that would prevail without government regulation. 



Excess Demand 


Q 0 Q 2 Quantity 


FIGURE 2.22 Effects of Price Controls 


Without price controls, the market clears at the equilibrium price and quantity P 0 
and Q 0 . If price is regulated to be no higher than P max , the quantity supplied falls to 
Qi, the quantity demanded increases to Q 2 , and a shortage develops. 


'You can obtain recent data and learn more about the world oil market by accessing the Web sites of 
the American Petroleum Institute at uwu.api.org or the U.S. Energy Information Administration at 

w v.e ia , doe . go\ ■. 
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The government, however, has decided that P 0 is too high and mandated that 
the price can be no higher than a maximum allowable ceiling price, denoted by 
P max . What is the result? At this lower price, producers (particularly those with 
higher costs) will produce less, and the quantity supplied will drop to Q z . Con- 
sumers, on the other hand, will demand more at this low price; they would like 
to purchase the quantity Q z . Demand therefore exceeds supply, and a shortage 
develops — i.e., there is excess demand. The amount of excess demand is Q 2 — Qj. 

This excess demand sometimes takes the form of queues, as when drivers 
lined up to buy gasoline during the winter of 1974 and the summer of 1979. In 
both instances, the lines were the result of price controls; the government pre- 
vented domestic oil and gasoline prices from rising along with world oil prices. 
Sometimes excess demand results in curtailments and supply rationing, as with 
natural gas price controls and the resulting gas shortages of the mid-1970s, when 
industrial consumers closed factories because gas supplies were cut off. 
Sometimes it spills over into other markets, where it artificially increases 
demand. For example, natural gas price controls caused potential buyers of gas 
to use oil instead. 

Some people gain and some lose from price controls. As Figure 2.22 suggests, 
producers lose: They receive lower prices, and some leave the industry. Some but 
not all consumers gain. While those who can purchase the good at a lower price 
are better off, those who have been "rationed out" and cannot buy the good at all 
are worse off. How large are the gams to the winners and how large are the losses 
to the losers? Do total gains exceed total losses? To answer these questions we 
need a method to measure the gains and losses from price controls and other 
forms of government intervention. We discuss such a method in Chapter 9. 



T ri 1954, the federal government began regulating the wellhead price of nat- 
. L ural gas. Initially the controls were not binding; the ceiling prices were above 
those that cleared the market. But in about 1962, when these ceiling prices did 
become binding, excess demand for natural gas developed and slowly began to 
grow. In the 1970s, this excess demand, spurred by higher oil prices, became 
severe and led to widespread curtailments. Soon ceiling prices were far below 
prices that would have prevailed in a free market. 1 -"' 

Today, producers and industrial consumers of natural gas, oil, and other 
commodities are concerned that the government might respond, once again, 
with price controls if prices rise sharply. To understand the likely impact of 
such price controls, we will go back to the year 1975 and calculate the impact of 
natural gas price controls at that time. 


lr This regulation began with the Supreme Court's 1954 decision requiring the then Federal Power 
Commission to regulate wellhead prices on natural gas sold to interstate pipeline companies. These 
price controls were largely removed during the 1980s, under the mandate of the Natural Gas Policv 
Act of 1978. For a detailed discussion of natural gas regulation and its effects, see Paul W. MacAvoy 
and Robert S. Pindyck, The Economics of the Natural Gas Shortage (Amsterdam: North-Holland, 1975); 
R S. Pindyck, "Higher Energy Prices and the Supplv of Natural Gas," Energ\/ Systems ami Policy 2 
(1978): 177-209; and Arlon R Tussing and Connie C. Barlow, The Natural Gas Industry (Cambridge, 
MA: Ballinger, 19S4) 
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Based on econometric studies of natural gas markets and the behavior of 
those markets as controls were gradually lifted during the 1980s, the following 
data describe the market in 1975. 

E The free-market price of natural gas would have been about $2.00 per mcf 
(thousand cubic feet); 

E Production and consumption would have been about 20 Tcf (trillion cubic 
feet); 

a The average price of oil (including both imports and domestic production), 
which affects both supply and demand for natural gas, was about $8 /barrel. 

A reasonable estimate for the price elasticity of supply is 0.2. Higher oil 
prices also lead to more natural gas production because oil and gas are often 
discovered and produced together; an estimate of the cross-price elasticity of 
supply is 0.1. As for demand, the price elasticity is about -0.5, and the cross- 
price elasticity with respect to oil price is about 1.5. You can verify that the fol- 
lowing linear supply and demand curves fit these numbers: 

Supply: Q = 14 + 2P G + .25 P 0 

Demand: Q = -5P C + 3.75P 0 , 

where Q is the quantity of natural gas (in Tcf), P c is the price of natural gas (in 
dollars per mcf), and P 0 is the price of oil (in dollars per barrel). You can also 
verify, by equating the quantities supplied and demanded and substituting 
S8.00 for P 0l that these supply and demand curves imply an equilibrium free 
market price of $2.00 for natural gas. 

Tire regulated price of gas in 1975 was about $1.00 per mcf. Substituting this 
price for P c in the supply function gives a quantity supplied (Qj in Figure 
2.22) of 18 Tcf. Substituting for P c in the demand function gives a demand (Q, 
in Figure 2.22) of 25 Tcf. Price controls thus created an excess demand of 
25 — 18 = 7 Tcf, which manifested itself in the form of widespread curtail- 
ments. 

Price regulation was a major component of U.S. energy policy during the 
1960s and 1970s, and continued to influence the evolution of natural gas mar- 
kets in the 1980s. In Example 9.1 of Chapter 9, we show how to measure the 
gains and losses that result from price controls. 



IVIIV^RY 


1. Supply-demand analysis is a basic tool of microeco- 
nomics. In competitive markets, supply and demand 
curves tell us how much will be produced by firms 
and how much will be demanded by consumers as a 
function of price. 

2 - The market mechanism is the tendency for supply 
and demand to equilibrate (i.e., for price to move to 


the market-clearing level), so that there is neither 
excess demand nor excess supply 
Elasticities describe the responsiveness of supply and 
demand to changes in price, income, or other vari- 
ables. For example, the price elasticity of demand 
measures the percentage change in the quantity de- 
manded resulting from a 1-percent increase in price. 
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4. Elasticities pertain to a time frame, and for most 
goods it is important to distinguish between short- 
run and long-run elasticities. 

5. If we can estimate, at least roughly, the supply and 
demand curves for a particular market, we can calcu- 
late the market-clearing price by equating the quan- 
tity supplied with the quantity demanded. Also, if we 
know how supply and demand depend on other eco- 
nomic variables, such as income or the prices of other 
goods, we can calculate how the market-clearing 


price and quantity will change as these other vari- 
ables change. This is a means of explaining or predict- 
ing market behavior. 

6. Simple numerical analyses can often be done by fit- 
ting linear supply and demand curves to data on 
price and quantity arid to estimates of elasticities. For 
many markets, such data and estimates are available, 
and simple "back of the envelope" calculations can 
help us understand the characteristics and behavior 
of the market. 



1. Suppose that unusually hot weather causes the 
demand curve for ice cream to shift to the right. Wiry 
will the price of ice cream rise to a new market- 
clearing level? 

2. Use supply arid demand curves to illustrate how each 
of the following events would affect the price of but- 
ter and the quantity of butter bought and sold: (a) an 
increase in the price of margarine; (b) an increase in 
the price of milk; (c) a decrease in average income 
levels. 

3. Suppose a 3-percent increase in the price of corn 
flakes causes a 6-percent decline in the quantity 
demanded. What is the elasticity of demand for com 
flakes? 

4. Why do long-run elasticities of demand differ from 
short-run elasticities? Consider two goods: paper towels 
and televisions. Which is a durable good? Would you 
expect the price elasticity of demand for paper towels to 
be larger in the short run or in the long run? Why? What 
about the price elasticity of demand for televisions? 

5. Explain why for many goods, the long-run price elas- 
ticity of supply is larger than the short-run elasticity. 

6. Suppose the government regulates the prices of beef 
and chicken and sets them below their market- 
clearing levels. Explain why shortages of these goods 
will develop and what factors will determine the sizes 
of the shortages. What will happen to the price of 
pork? Explain briefly. 

7. In a discussion of tuition rates, a university official 
argues that the demand for admission is completely 
price inelastic. As evidence, she notes that while the 
university has doubled its tuition (in real terms) over 
the past 15 years, neither the number nor quality of 
students applying has decreased. Would you accept 
this argument? Explain briefly. (Hint: The official 
makes an assertion about the demand for admission. 


but does she actually observe a demand curve? What 
else could be going on?) 

8. Use supply and demand curve shifts to illustrate the 
effect of the following events on the market for 
apples. Make clear the direction of the change in both 
price and quantity sold. 

a. Scientists find that an apple a day does indeed 
keep the doctor away. 

b. The price of oranges triples. 

c. A drought shrinks the apple crop to one-third its 
normal size. 

d. Thousands of college students abandon the acade- 
mic life to become apple pickers. 

e. Thousands of college students abandon the acade- 
mic life to become apple growers. 

9. Suppose the demand curve for a product is given by 

Q = 10 - 2P + P s 

where P is the price of the product and P s is the price 
of a substitute good. The price of the substitute good 
is $2.00. 

a. Suppose P = $1.00. What is the price elasticity of 
demand? What is the cross-price elasticity of 
demand? 

b. Suppose the price of the good, P, goes to $2.00. 
Now what is the price elasticity of demand, and 
what is the cross-price elasticity of demand? 

10. Suppose that rather than the declining demand 
assumed in Example 2.7, a decrease in the cost of cop- 
per production causes the supply curve to shift to the 
right by 40 percent. How will the price of copper 
change? 

11. Suppose the demand for natural gas is perfectly 
inelastic. What would be the effect, if any, of natural 
gas price controls? 
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niipns 


1. Consider a competitive market for which the quanti- 
ties demanded and supplied (per year) at various 
prices are given as follows: 


PRICE 

DEMAND 

SUPPLY 

(DOLLARS) 

(MILLIONS) 

(MILLIONS) 

60 

22 

14 

80 

20 

16 

100 

18 

18 

120 

16 

20 


a. Calculate the price elasticity of demand when the 
price is $80, and when the price is $100. 

b. Calculate the price elasticity of supply when the 
price is $80 and when the price is $100. 

c. What are the equilibrium price and quantity? 

d. Suppose the government sets a price ceiling of $80. 
Will there be a shortage, and if so, how large will it be? 

2. Refer to Example 2.4 on the market for wheat. At 
the end of 1998, both Brazil and Indonesia opened 
their wheat markets to U.S. farmers. (Source: 
http://www.fas.usda.gov/) Suppose that these new 
markets add 200 million bushels to U.S. wheat 
demand. What will be the free-market price of wheat 
and what quantity will be produced and sold by U.S. 
farmers in this case? 

3. A vegetable fiber is traded in a competitive world 
market, and the world price is $9 per pound. 
Unlimited quantities are available for import into the 
United States at this price. The U.S. domestic supply 
and demand for various price levels are shown below. 


d. In a free market, what will be the U.S. price and 
level of fiber imports? 

4. The rent control agency of New York City has found 
that aggregate demand is Q D = 100 - 5P. Quantity is 
measured in tens of thousands of apartments. Price, 
the average monthly rental rate, is measured in hun- 
dreds of dollars. The agency also noted that the 
increase in Q at lower P results from more three- 
person families coming into the city from Long Island 
and demanding apartments. The city's board of real- 
tors acknowledges that this is a good demand esti- 
mate and has shown that supply is Q s = 50 + 5 P. 

a. If both the agency and the board are right about 
demand and supply, what is the free-market price? 
What is the change in city population if the agency 
sets a maximum average monthly rent of $100 and all 
those who cannot find an apartment leave the city? 

b. Suppose the agency bows to the wishes of the 
board and sets a rental of $900 per month on all 
apartments to allow landlords a "fair" rate of 
return. If 50 percent of any long-run increases in 
apartment offerings comes from new construction, 
how many apartments are constructed? 

*5. Much of the demand for U.S. agricultural output has 
come from other countries. From Example 2.4, total 
demand is Q = 3244 — 283 P. In addition, we are told 
that domestic demand is Q D = 1700 - 107P. Do- 
mestic supply is Q s = 1944 + 207P. Suppose the 
export demand for wheat falls by 40 percent. 

a. U.S. farmers are concerned about this drop in 
export demand. What happens to the free-market 
price of wheat in the United States? Do the farmers 
have much reason to worry? 

b. Now, suppose the U.S. government wants to buy 


enough wheat to raise the price to $3.50 per bushel. 
With this drop in export demand, how much 
wheat would the government have to buy? How 
much would this cost the government? 

6. In 1998, Americans smoked 470 billion cigarettes. The 
average retail price was $2 per pack. Statistical studies 
have shown that the price elasticity of demand 
is — 0,4, and the price elasticity of supply is 0.5. Using 
this information, derive linear demand and supply 
curves for the cigarette market. (For more informa- 
tion on this market, see Frank J. Chaloupka, "The 
Economics of Smoking," NBER working paper, 
1999, which can be accessed on the Web at 
http://nberws.nber.org/papers/W7047.pdf). 

a. What is the equation for demand? What is the 7. In Example 2.7 we examined the effect of a 20-percent 

equation for supply? decline in copper demand on the price of copper, 

b. At a price of $9, what is the price elasticity of using the linear supply and demand curves devel- 

demand? What is it at a price of $12? oped in Section 2.4. Suppose the long-run price elas- 

c. What is the price elasticity of supply at $9? At $12? ticity of copper demand were — 0.4 instead of — 0.8. 
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a. Assuming, as before, that the equilibrium price 
and quantity are P* = 75 cents per pound and 
Q* = 7.5 million metric tons per year, derive the 
linear demand curve consistent with the smaller 
elasticity. 

b. Using this demand curve, recalculate the effect of a 
20-percent decline in copper demand on the price 
of copper. 

8. Example 2.8 analyzes the world oil market. Using the 
data given in that example: 

a. Show that the short-run demand and competitive 
supply curves are indeed given by 

D = 24.08 - 0.06P 
S c = 11.74 + 0.07P 

b. Show that the long-run demand and competitive 
supply curves are indeed given by 

D = 32.18 - 0.51P 
S c = 7.78 + 0.29P 

c. During the late 1990s, Saudi Arabia accounted for 
3 billion barrels per year of OPEC's production. 
Suppose that war or revolution caused Saudi 
Arabia to stop producing oil. Use the model above 
to calculate what would happen to the price of oil 
in the short run and the long run if OPEC's produc- 
tion were to drop by 3 billion barrels per year. 


9. Refer to Example 2.9, which analyzes the effects of 
price controls on natural gas. 

a. Using the data in the example, show that the fol- 
lowing supply and demand curves did indeed 
describe the market in 1975: 

Supply : Q = 14 4- 2 P G t 0.25P o 

Demand: Q — -5 P G + 3.75 P 0 , 

where P G and P G are the prices of natural gas and 
oil, respectively. Also verity that if the price of oil is 
$8.00, these curves imply a free-market price of 
$2.00 for natural gas. 

b. Suppose the regulated price of gas in 1975 had 
been $1.50 per thousand cubic feet instead of $1.00. 
How much excess demand would there have 
beeit? 

c. Suppose that the market for natural gas had not 
been regulated. If the price of oil had increased 
from $8.00 to $16.00, what would have happened 
to the free market price of natural gas? 

*10. The table below shows the retail price and sales for 

instant coffee and roasted coffee for 1997 and 1998. 

a. Using this data alone, estimate the short-run price 
elasticity of demand for roasted coffee. Also, derive 
a linear demand curve for roasted coffee. 

b. Now estimate the short-run price elasticity of 
demand for instant coffee. Derive a linear demand 
curve for instant coffee. 

c. Which coffee has the higher short-run price elastic- 
ity of demand? Why do you think this is the case? 


YEAR 

RETAIL PRICE OF 
INSTANT COFFEE 

($m 

SALES OF 
INSTANT COFFEE 
(MILLION LBS) 

RETAIL PRICE OF 
ROASTED COFFEE 
(S/LB) 

SALES OF 
ROASTED COFFEE 
(MILLION LBS) 

1997 

10.35 

75 

4.11 

820 

1998 

10.48 

70 

3.76 

850 
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CHAPTER 


Producers, 
Consumers, and 


PART 2 presents the theoretical core of microeconomics. 

Chapters 3 and 4 explain the principles underlying con- 
sumer demand. We see how consumers make consumption 
decisions, how their preferences and budget constraints deter- 
mine their demands for various goods, and why different 
goods have different demand characteristics. Chapter 5 con- 
tains more advanced material that shows how to analyze con- 
sumer choice under uncertainty. We explain why people usu- 
ally dislike risky situations, and show how they can reduce 
risk, and trow they choose among risky alternatives. 

Chapters 6 and 7 develop the theory of the firm. We see how 
firms combine inputs, such as capital, labor, and raw materi- 
als, to produce goods and services in a way that minimizes the 
costs of production. We also see how a firm's costs depend on 
its rate of production and production experience. Chapter 8 
then shows how firms choose profit-maximizing rates of pro- 


duction. We also see how the production decisions of individ- 


ual firms combine to determine the competitive market supply 


curve and its characteristics. 



Chapter 9 applies supply and demand curves to the analy- 
sis of competitive markets. We show how government policies, 
such as price controls, quotas, taxes, and subsidies, can have 
wide-ranging effects on consumers and producers and explain 
how supply-demand analysis can be used to evaluate these 
effects. 
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A few years ago. General Mills decided to introduce a new 
product. The new brand, Apple-Cinnamon Cheerios, 
offered a sweetened and more flavorful variant on General 
Mills' classic Cheerios product. But before Apple-Cinnamon 
Cheerios could be extensively marketed, the company had to 
resolve an important problem: How high a price should it charge? 
No matter how good the cereal was, its profitability would be 
affected considerably by the company's pricing decision. 
Knowing that consumers would pay more for a new product 
with added ingredients was not enough. Tire question was how 
much more. General Mills, therefore, had to conduct a careful 
analysis of consumer preferences to determine the demand for 
Apple-Cinnamon Cheerios. 

General Mills' problem in determining consumer prefer- 
ences mirrors the more complex problem faced by the U.S. 
Congress in evaluating the federal Food Stamps program. Tire 
goal of the program is to give to low-income households 
coupons that can be exchanged for food. But there has always 
been a problem in the program's design that complicates its 
assessment: To what extent do food stamps provide people 
with more food, as opposed to simply subsidizing the pur- 
chase of food that they would have bought anyway? In other 
words, has the program turned out to be little more than an 
income supplement that people spend largely on nonfood 
items instead of a solution to the nutritional problems of the 
poor? As in the cereal example, an analysis of consumer 
behavior is needed. In this case, the federal government must 
determine how spending on food, as opposed to spending on 
other goods, is affected by changing income levels and prices. 

Solving these two problems — one involving corporate pol- 
icy and the other public policy — requires an understanding of 
the theory of consumer behavior: the explanation of how con- 
sumers allocate incomes to the purchase of different goods and 
services. 


Chapt©!* Oiotfiime 


List of Examples 


How can a consumer with a limited income decide which 
goods and services to buy? This is a fundamental issue in 
microeconomics — one that we address in this chapter and the 
next. We will see how consumers allocate their incomes across 
goods and explain how these allocation decisions determine 
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theory of consumer behavior 
Description of how consumers 
allocate incomes among differ- 
ent goods and services to max- 
imize their well-being. 


the demands for various goods and services. In turn, understanding consumer 
purchasing decisions will help us to understand how changes in income and 
prices affect demands for goods and services and why the demands for some 
products are more sensitive than others to changes in prices and income. 

Consumer behavior is best understood in three distinct steps: 

1. Consumer Preferences: The first step is to find a practical way to describe 
the reasons people might prefer one good to another. We will see how a con- 
sumer's preferences for various goods can be described graphically and 
algebraically. 

2. Budget Constraints: Of course, consumers also consider prices. In Step 2, 
therefore, we take into account the fact that consumers have limited incomes 
which restrict the quantities of goods they can buy. What does a consumer 
do in this situation? We find the answer to this question by putting con- 
sumer preferences and budget constraints together in the third step. 

3. Consumer Choices: Given their preferences and limited incomes, consumers 
choose to buy combinations of goods that maximize then satisfaction. These 
combinations will depend on the prices of various goods. Thus understand- 
ing consumer choice will help us understand demand— i.e., how the quantity 
of a good that consumers choose to purchase depends on its price. 

These three steps are the basics of consumer theory, and we will go through 
them in detail in the first three sections of this chapter. Afterward, we will explore 
a number of other interesting aspects of consumer behavior. For example, we wi 1 
see how one can determine the nature of consumer preferences from actua 
observations of consumer behavior. Tlius if a consumer chooses one good over a 
similarly priced alternative, we can infer that he or she prefers the first good. 
Similar kinds of conclusions can be drawn from the actual decisions that con- 
sumers make in response to changes in the prices of the various goods and sei- 
vices that are available for purchase. 

At the end of this chapter, we will return to the discussion of real and nominal 
prices that we began in Chapter 1. We saw that the Consumer Price Index can pro- 
vide one measure of how the well-being of consumers changes over time. In this 
chapter, we delve more deeply into the subject of purchasing power by describing 
a range of indexes that measure changes in purchasing power over time. Because 
they affect the benefits and costs of numerous social-welfare programs, these 
indexes are significant tools in setting government policy in the United States. 

Ini Consumer Preferences 


Given both the vast number of goods and services that our industrial economy 
provides for purchase and the diversity of personal tastes, how can we describe 
consumer preferences in a coherent way? Let's begin by thinking about how a 
consumer might compare different groups of items available for purchase. Vi 
one group of items be preferred to another group? Or will the consumer be indif- 
ferent between the two groups? 


market basket (or bundle) 
List with specific quantities of 
one or more goods. 


We use the term market basket to refer to such a group of items. Specifically, a 
market basket is a list with specific quantities of one or more commodities. A 
market basket might contain the various food items in a grocery cart. It might 


Chapter 3 Consumer Behavior 63 



also refer to the quantities of food, clothing, and housing that a consumer buys 
each month. Many economists also use the word bundle to mean the same thing 
as market basket. 

How do consumers select market baskets? How do they decide, for example, 
how much food versus clothing to buy each month? Although selections may 
occasionally be arbitrary, as we will soon see, consumers usually select market 
baskets that make them as well off as possible. 

Table 3.1 shows several market baskets consisting of various amounts of food 
and clothing purchased on a monthly basis. The number of food items can be 
measured in any number of ways: by total number of containers, by number of 
packages of each item (e.g., milk, meat, etc.), or by number of pounds or grams. 
Likewise, clothing can be counted as total number of pieces, as number of pieces 
of each type of clothing, or as total weight or volume. Because the method of 
measurement is largely arbitrary, we will simply describe the items in a market 
basket in terms of the total number of units of each commodity. Market basket A, 
for example, consists of 20 emits of food and 30 units of clothing, basket B of 10 
units of food and 50 units of clothing, and so on. 

To explain the theory of consumer behavior, we will ask whether consumers 
prefer one market basket to another. Note that the theory assumes that con- 
sumers' preferences are consistent and make sense. We explain what we mean 
by these assumptions in the next subsection. 

Some Basic Assumptions about Preferences 

The theory of consumer behavior begins with three basic assumptions about 
people's preferences for one market basket versus another. We believe that these 
assumptions hold for most people in most situations: 

1. Completeness: Preferences are assumed to be complete . hr other words, con- 
sumers can compare and rank all possible baskets. Thus, for any two market 
baskets A and B, a consumer will prefer A to B, will prefer B to A, or will be 
indifferent between the two. By indifferent we mean that a person will be 
equally satisfied with either basket. Note that these preferences ignore costs. 
A consumer might prefer steak to hamburger but buy hamburger because it 
is cheaper. 

2. Transitivity: Preferences are transitive. Transitivity means that if a con- 
sumer prefers basket A to basket B and basket B to basket C, then the con- 
sumer also prefers A to C. For example, if a Porsche is preferred to a 


64 Part 2 Producers, Consumers, and Competitive Markets 


indifference curve Curve 
representing all combinations 
of market baskets that provide 
a consumer with the same 
level of satisfaction. 


Cadillac and a Cadillac to a Chevrolet, then a Porsche is also preferred to a 
Chevrolet, Transitivity is normally regarded as necessary for consumer 
consistency. 

3. More is better than less: Goods are assumed to be desirable — i.e., to be good. 
Consequently, consumers always prefer more of any good to less. In addition, 
consumers are never satisfied or satiated; more is always better, even if just a 
little better. 1 This assumption is made for pedagogic reasons; namely, it sim- 
plifies the graphical analysis. Of course, some goods, such as air pollution, 
may be undesirable, and consumers will always prefer less. We ignore these 
"bads" in the context of our immediate discussion of consumer choice 
because most consumers would not choose to purchase them. We will, how- 
ever, discuss them later in the chapter. 

These three assumptions form the basis of consumer theory. They do not explain 
consumer preferences, but they do impose a degree of rationality and reason- 
ableness on them. Building on these assumptions, we will now explore con- 
sumer behavior in greater detail. 

Imdiffererace Cyrves 

We can show a consumer's preferences graphically with the use of indifference 
curves. Air indifference curve represents all combinations of market baskets that pro- 
vide a person with the same level of satisfaction. That person is therefore indifferent 
among the market baskets represented by the points graphed on the curve. 

Given our three assumptions about preferences, we know that a consumer 
can always indicate either a preference for one market basket over another or 
indifference between the two. We can then use this information to rank all possi- 
ble consumption choices. In order to appreciate this principle in graphic form, 
let's assume that there are only two goods available for consumption: food F and 
clothing C. In this case, all market baskets describe combinations of food and 
clothing that a person might wish to consume. As we have already seen. Table 3.1 
provides some examples of baskets containing various amounts of food and 
clothing. 

In order to graph a consumer's indifference curve, it helps first to graph his 
or her individual preferences. Figure 3.1 shows the same baskets listed in Table 
3.1. The horizontal axis measures the number of units of food purchased each 
week; the vertical axis measures the number of units of clothing. Market basket 
A, with 20 units of food and 30 units of clothing, is preferred to basket G 
because A contains more food and more clothing (recall our third assumption 
that more is better than less). Similarly, market basket E, which contains even 
more food and even more clothing, is preferred to A. In fact, we can easily com- 
pare all market baskets in the two shaded areas (such as £ and G) to A because 
they all contain either more or less of both food and clothing. Note, however, 
that B contains more clothing but less food than A. Likewise, D contains more 
food but less clothing than A. Therefore, comparisons of market basket /I with 
baskets B, D, and H are not possible without more information about the con- 
sumer's ranking. 

This additional information is provided in Figure 3.2, which shows an indif- 
ference curve, labeled U>, that passes through points A, B, and D. This curve 
indicates that the consumer is indifferent among these three market baskets. It 

1 Thus some economists use the term nonsatiation to refer to this third assumption. 
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FIGURE 3s1 Describing Individual Preferences- 


Because more of each good is preferred to less, we can compare market baskets in 
the shaded areas. Basket A is dearly preferred to basket G, while £ is clearly pre- 
ferred to A. However, A cannot be compared with B, D, or H without additional 
information. 
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FIGURE 3.2 An Indifference Curve 


The indifference curve If that passes through market basket A shows all baskets that 
give the consumer the same level of satisfaction as does market basket A; these 
include baskets B and D. Our consumer prefers basket E, whidr lies above U lr to A, 
but prefers A to H or G, which lie below If. 
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tells us that in moving from market basket A to market basket B, the consumer 
feels neither better nor worse off in giving up 10 units of food to obtain 20 addi- 
tional units of clothing. Likewise, the consumer is indifferent between points A 
and D: He or she will give up 10 units of clothing to obtain 20 units of food. On 
the other hand, the consumer prefers A to H, which lies below LI,. 

Note that the indifference curve in Figure 3.2 slopes downward from left to 
right. To understand why this must be the case, suppose instead that it sloped 
upward from A to £. This would violate the assumption that more of any com- 
modity is preferred to less. Because market basket E has more of both food and 
clothing than market basket A, it must be preferred to A and therefore cannot be on 
the same indifference curve as A. In fact, any market basket lying above and to the 
right of indifference curve LI, in Figure 3.2 is preferred to any market basket on LI,. 


indifference map Graph 
containing a set of indifference 
curves showing the market 
baskets among which a con- 
sumer is indifferent. 


indifference SHaps 

To describe a person's preferences for all combinations of food and clothing, we 
can graph a set of indifference curves called an indifference map. Each indiffer- 
ence curve in the map shows the market baskets among which the person is 
indifferent. Figure 3.3 shows three indifference curves that form part of an indif- 
ference map. Indifference curve LI 3 generates the highest level of satisfaction, fol- 
lowed by indifference curves li 2 and LI,. 

Indifference curves cannot intersect. To see why, we will assume the contraiy 
and see how the resulting graph violates our assumptions about consumer 
behavior. Figure 3.4 shows two indifference curves, LI, and IT, that intersect at 
A. Because A and B are both on indifference curve LI,, the consumer must be 
indifferent between these two market baskets. Because both A and D lie on indif- 
ference curve U 2 , the consumer must be indifferent between these market bas- 
kets. Consequently, the consumer must also be indifferent between B and D. But 
this conclusion can't be true: Market basket B must be preferred to D because it 



An indifference map is a set of indifference curves that describes a person's prefer- 
ences. Any market basket on indifference curve LI 3 , such as basket A, is preferred to 
any basket on curve U 2 (e.g., basket B), which in turn is preferred to any basket on 
LI„ such as D. 
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(units per week) 



If indifference curves LI, and U 2 intersect, one of the assumptions of consumer theory 
is violated. According to this diagram, the consumer should be indifferent among 
market baskets A, B, and D, Yet B should be preferred to D because B has more of 
both goods. 


contains more of both food and clothing. Thus, indifference curves that intersect 
contradicts our assumption that more is preferred to less. 

Of course, there are an infinite number of nonintersecting indifference curves, 
one for e\ ery possible level of satisfaction. In fact, every possible market basket 
(each corresponding to a point on the graph) has an indifference curve passing 
through it. r ° 

Hhe Shapes of Indifference Curves 

Recall that indifference curves are all downward sloping. In our example of food 
and clothing, when the amount of food increases along an indifference curve 
the amount of clothing decreases. The fact that indifference curves slope down- 
ward follows directly from our assumption that more of a good is better than 
ess. If an indifference curve sloped upward, a consumer would be indifferent 

between two market baskets even though one of them had more of both food and 
clothing. 

The shape of an indifference curve describes how a consumer is willing to 
substitute one good for another. As we saw in Chapter 1, people face trade-offs. 

re indifference curve in Figure 3.5 illustrates this principle. Starting at market 
basket A and moving to basket B, we see that the consumer is willing to give up 
units of clothing to obtain 1 extra unit of food. However, in moving from B to 
r 'f is williu g to give up only 4 units of clothing to obtain an additional unit of 
ood; m moving from D to E, he will give up only 2 units of clothing for 1 unit of 
00 Tire more clothing and the less food a person consumes, the more clothing 
16 Wl11 S lve U P in order to obtain more food. Similarly, the more food that a per- 
son possesses, the less clothing he will give up for more food. 
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FIGURE 3.5 The Marginal Rate of Substitution 


The slope of art indifference curve measures the consumer s marginal rate of substi- 
tution (MRS) between two goods. In this figure, tire MRS between clothing (C) and 
food (F) falls front 6 (between A and B) to 4 (between B and D) to 2 (between D and E) 
to 1 (between £ and G). When the MRS diminishes along an indifference cuive, the 
curve is convex. 


marginal rate of substitution 
(MRS) Amount of a good 
that a consumer is willing to 
give up in order to obtain one 
additional unit of another 
good. 


To quantify the amount of one good that a consumer will give up to obtain more 
of another, we use a measure called the marginal rate of substitution (MRS). 
The MRS of food F for clothing C is the amount of clothing that a person is willing to 
give up to obtain one additional unit of food. Suppose, for example, the MRS is a. 
This means that the consumer will give up 3 units of clothing to obtain 1 addi- 
tional unit of food. If the MRS is 1/2, the consumer is willing to give up only 
1/2 unit of clothing. Thus, the MRS measures the value that the individual places on 
1 extra unit of one good in terms of another. 

Look again at Figure 3.5. Note that clothing appears on the vertical axis and 
food on the horizontal axis. When we describe the MRS, we must be clear about 
which good we are giving up and which we are getting more of. To be consistent 
throughout tire book, we will define the MRS in terms of the amount of the good on 
the vertical axis that the consumer is willing to give up to obtain 1 extra unit of the good 
on the horizontal axis. Thus in Figure 3.5, the MRS refers to the amount of clothing 
that the consumer is willing to give up to obtain an additional unit of food. If we 
denote the change in clothing by AC and the change in food by AF, the MRS can 
be written as - AC/AF. We add the negative sign to make the marginal rate of 
substitution a positive number (remember that AC is always negatii e; the con- 
sumer gives up clothing to obtain additional food). 
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Thus the MRS at any point is equal in magnitude to the slope of the indiffer- 
ence curve. In Figure 3.5, for example, the MRS between points A and B is 6: The 
consumer is willing to give up 6 units of clothing to obtain 1 additional unit of 
food. Between points B and D, however, the MRS is 4: With these quantities of 
food and clothing, the consumer is willing to give up only 4 units of clothing to 
obtain 1 additional unit of food. 

Convexity Also observe in Figure 3.5 that the MRS falls as we move down the 
indifference curve. This is not a coincidence. This decline in the MRS reflects an 
important characteristic of consumer preferences. To understand this, we will 
add an additional assumption regarding consumer preferences to the three that 
we discussed earlier in the chapter: 

4. Diminishing mar ginal ra ie_of. substitution: Indifference curves are convex, 
or bowed inward. The term convex means that the slope of the indifference 
curve increases (i.e., becomes less negative) as we move down along the 
curve. In other words, an indifference curve is convex if the MRS diminishes 
along the curve. The indifference curve in Figure 3.5 is convex. As we have 
seen, starting with market basket A in Figure 3.5 and moving to basket B, the 
MRS of food F for clothing C is — AC/AF = — ( — 6)/l = 6. However, when 
we start at basket B and move from B to D, the MRS falls to 4. If we start at 
basket D and move to £, the MRS is 2. Starting at £ and moving to G, we get 
an MRS of 1. As food consumption increases, the slope of the indifference 
curve falls in magnitude. Thus the MRS also falls. 2 

Is it reasonable to expect indifference curves to be convex? Yes. As more and 
more of one good is consumed, we can expect that a consumer will prefer to give 
up fewer and fewer units of a second good to get additional units of the first one. 

As we move down the indifference curve in Figure 3.5 and consumption of food 
increases, the additional satisfaction that a consumer gets from still more food will 
diminish. Thus, he will give up less and less clothing to obtain additional food. 

Another way of describing this principle is to say that consumers generally pre- 
fer balanced market baskets to market baskets that contain all of one good and 
none of another. Note from Figure 3.5 that a relatively balanced market basket 
containing 3 units of food and 6 units of clothing (basket D) generates as much sat- 
isfaction as another market basket containing 1 unit of food and 16 units of cloth- 
ing (basket A). It follows that a balanced market basket containing (for example) 6 
units of food and 8 units of clothing will generate a higher level of satisfaction. 

Perfect Substitutes and Perfect Complements 

The shape of an indifference curve describes the willingness of a consumer to 
substitute one good for another. An indifference curve with a different shape 
implies a different willingness to substitute. To see this principle, look at the two 

polar cases illustrated in Figure 3.6. In §2.1, we explain that goods 

Figure 3.6(a) shows Bob's preferences for apple juice and orange juice. These are substitutes when an 
two goods are perfect substitutes for Bob because he is entirely indifferent l 110 , 63 , 36 m ! he P nce of ° ne 

between having a glass of one or the other. In this case, the MRS of apple juice quantity demanded of the 

for orange juice is 1: Bob is always willing to trade 1 glass of one for 1 glass of the other. 

With nonconvex preferences, the MRS increases as the amount of the good measured on the hori- 
zontal axis increases along any indifference curve. This unlikely possibility might arise if one or both 
goods are addictive. For example, the willingness to substitute an addictive drug for other goods 
might increase as the use of the addictive drug increased 




Orange Juice (glasses) Right Shoes 




In (a), Bob views orange juice and apple juice as perfect substitutes: He is always indifferent between a glass of one 
and a glass of the other. In (b), Jane views left shoes and right shoes as perfect complements: An additional left shoe 
gives her no extra satisfaction unless she also obtains the matching right shoe. 


perfect substitutes Two 

goods for which the marginal 
rate of substitution of one for 
the other is a constant. 


In §2.1, we explain that goods 
are complements when an 
increase in the price of one 
leads to a decrease in the 
quantity demanded of the 
other. 

perfect complements Two 

goods for which the MRS is 
infinite; the indifference 
curves are shaped as right 
angles. 


other. In general, we say that two goods are perfect substitutes when the mar- 
ginal rate of substitution of one for the other is a constant. The indifference 
curves describing the trade-off between the consumption of the goods are 
straight lines. Tire slope of the indifference curves need not be — 1 in the case of 
perfect substitutes. Suppose, for example, that Dan believes that one 16- 
megabyte memory chip is equivalent to two 8-megabyte chips because both 
combinations have the same memory capacity. In that case, the slope of Dan's 
indifference curve will be - 2 (with the number of 8-megabyte chips on the verti- 
cal axis). 

Figure 3.6(b) illustrates Jane's preferences for left shoes and right shoes. For 
Jane, the two goods are perfect complements because a left shoe will not increase 
her satisfaction unless she can obtain the matching right shoe. In this case, the 
MRS of left shoes for right shoes is zero whenever there are more right shoes 
than left shoes; Jane will not give up any left shoes to get additional right shoes. 
Correspondingly, the MRS is infinite whenever there are more left shoes than 
right because Jane will give up all but one of her excess left shoes in order to 
obtain an additional right shoe. Two goods are perfect complements when the 
indifference curves for both are shaped as right angles. 


bad Good for which less is 
preferred rather than more 


Bads So far, all of our examples have involved commodities that are "goods" — 
i.e., cases in which more of a commodity' is preferred to less. However, some 
things are bads: Less of them is preferred to more. Air pollution is a bad; asbestos in 
housing insulation is another. How do we account for bads in the analysis of 
consumer preferences? 

The answer is simple: We redefine the commodity under study so that the 
consumer tastes are represented as the preference for less of the bad. This rever- 
sal turns the bad into a good. Thus, for example, instead of a preference for air 
pollution, we will discuss the preference for clean air, which we can measure as 



■ ■■■■■ ■ ■ 


Chapters Consumer Behavior 71 


the degree of reduction in air pollution. Likewise, instead of referring to asbestos 
bad, we will refer to the corresponding good, the removal of asbestos. 

With this simple adaptation, all four of the basic assumptions of consumer 
theory continue to hold, and we are ready to move on to an analysis of consumer 
budget constraints. 



I f you were an automobile company executive, how would you decide when 
to introduce new models and how much money to invest in restyling? You 
would know that two of the most important attributes of a car are styling (e.g., 
design and interior features) and performance (e.g., gas mileage and handling). 
Both are desirable attributes: The better the styling and the performance, the 
greater will be the demand for a car. However, it costs money to restyle a car, 
and it also costs money to improve its performance. How much of each 
attribute should you include in your new model? 

The answer depends in part on the costs of production, but it also depends 
on consumer preferences. Two characterizations of consumer preferences are 
shown in Figure 3.7. People with preferences shown in Figure 3.7(a) place 
greater value on performance than styling: They have a high MRS and are will- 
ing to give up quite a bit of styling to get better performance. Compare these 
preferences to those of a different segment of the population shown in Figure 
3.7(b). These low-MRS people prefer styling to performance and will put up 
with poor gas mileage or handling to get a more stylish car. 



Performance Performance 



1 references for automobile attributes can be described by indifference curves. Each curve shows the combinations of 
performance and styling that give the same satisfaction. Consumers in (a) are willing to give up a considerable 
amount of styling for additional performance. The opposite is true for consumers in (b). 
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Knowing which preference group is most prevalent can help executh es 
make strategic production decisions. One way to obtain such information is 
by conducting surveys in which individuals are asked about their prefeiences 
for a number of automobiles with differing combinations of styling and per- 
formance. Another way is to analyze statistically past consumer purchases of 
cars that varied in styling and performance. By relating to their attributes the 
prices paid for different cars, we can determine the relative value attached to 
each attribute by various groups of consumers. - ’ Either approach can help 
determine whether the larger group more highly values performance (as in 
Figure 3.7a) or styling (as in Figure 3.7b). You can also determine the extent to 
which people in each group are willing to trade off one attribute for the other. 

One study of automobile demand in the United States shows that over the 
past two decades, most consumers have preferred styling over performance. 
The study divided all cars sold in the United States into nine market classes, 
ranging from subcompact to luxury sport. Within each class, the degree of 
styling change was indexed from 1 (no visible exterior change) to 5 (a complete 
sheet metal change) to 9 (a completely new body, a change in size, and a con- 
version from rear-wheel to front-wheel drive). The study found that companies 
which emphasized style changes grew more rapidly than those that empha- 
sized performance. In particular, cars undergoing major style changes enjoyed 
significantly higher sales growth than cars not undergoing such changes. (The 
major effect occurred immediately after the style change, but smaller effects 
were felt in subsequent years.) 

The importance of styling helps explain the historic growth of Japanese 
imports in the United States: During the 1970s and 1980s, while U.S. domestic 
sales grew at 1.3 percent per year, import sales grew at 6.4 percent. On aver- 
age, 15 percent of all domestic U.S. cars underwent a major style change each 
year, as compared to 23.4 percent of all imports. Although the market share of 
imports stabilized in the past decade, it is clear that styling changes (along 
with improvements in performance and reliability) spurred the growth of 


imported cars. 



Utility You may have noticed a convenient feature of the theory of consumer 
behavior as we have described it so far: If has not been necessary to associate a 
numerical level of satisfaction with each market basket consumed. For example, with 
respect to the three indifference curves in Figure 3.3, we know that market bas- 
ket A (or any other basket on indifference curve ll 3 ) gives more satisfaction than 
any market basket on IF, such as B. Likewise, we know that the market baskets 
on U 2 are preferred to those on If. The indifference curves simply allow' us to 
describe consumer preferences graphically, building on the assumption that con- 
sumers can rank alternatives. 

We will see that consumer theory relies only on the assumption that con- 
sumers can provide relative rankings of market baskets. Nonetheless, it is often 
useful to assign numerical values to individual baskets. Using this numerical 


’ For an example, see Vladimir Bajic, "Automobiles and Implicit Markets. An^Estimate of a 
Structural Demand Model for Automobile Characteristics," Applied Economics 2d (1993): Ml-ool. 

4 See Edward L. Millner and George E. Hoffer, "A Reexamination of the Impact of Automotive 
Styling on Demand," Applied Economics 2d (1993): 101-110. 
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approach, w r e can describe consumer preferences by assigning scores to the lev- 
els of satisfaction associated with each indifference curve. In everyday language, 
the word utility has rather broad connotations, meaning, roughly, "benefit" or 
"well-being." Indeed, people obtain "utility" by getting things that give them 
pleasure and by avoiding tilings that give them pain. In the language of econom- 
ics the concept of utility refers to the numerical score representing the satisfaction 
that a consumer gets from a market basket. In other words, utility is a device used to 
simplify the ranking of market baskets. If buying three copies of this textbook 
makes you happier than buying one shirt, then we say that the books give you 
more utility than the shirt. 

Utility Functions A utility function is a formula that assigns a level of utility 
to each market basket. Suppose, for example, that Phil's utility function for food ( F ) 
and clothing (C) is u{F,C) = F + 2C. In that case, a market basket consisting of 
8 units of food and 3 units of clothing generates a utility of 8 4- (2)(3) = 14. Phil is 
therefore indifferent beiween this market basket and a market basket containing 6 
units of food and 4 units of clothing (6 4- (2)(4) = 14). On the other hand, either 
market basket is preferred to a third containing 4 units of food and 4 units of cloth- 
ing. Wiry? Because this last market basket has a utility level of only 4 4- (4)(2) = 12. 

We assign utility levels to market baskets so that if market basket A is pre- 
ferred to basket B, the number will be higher for A than for B. For example, mar- 
ket basket A on the highest of three indifference curves U 3 might have a utility 
level of 3, while market basket B on the second-highest indifference curve U 2 
might have a utility level of 2; on the lowest indifference curve U lr basket C, a 
utility level of 1. Tlrus the utility function provides the same information about 
preferences that an indifference map does: Both order consumer choices in terms 
of levels of satisfaction. 

Let's examine one particular utility function in some detail. The utility func- 
tion u(F,C) = FC tells us that the level of satisfaction obtained from consuming 
F units of food and C units of clothing is the product of F and C. Figure 3.8 shows 
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FIGURE 3.8 Utility Functions and Indifference Curves 


A utility function can be represented by a set of indifference curves, each with a 
numerical indicator. This figure shows three indifference curves, with utility levels of 
25, 50, and 100, respectively, associated with the utility function FC. 


utility Numerical score rep- 
resenting the satisfaction that 
a consumer gets from a given 
market basket. 


utility function Formula 
that assigns a level of utility to 
individual market baskets. 


74 Part 2 


Producers, Consumers, and Competitive Markets 


Chapter 3 


Consumer Behavior 75 


ordinal utility function 
Utility function that generates 
a ranking of market baskets in 
order of most to least preferred. 


cardinal utility function 
Utility function describing by 
how much one market basket 
is preferred to another. 


indifference curves associated with finis function. Tine graph was drawn by ini- 
tially choosing one particular market basket — say, F = 5 and C = 5 at point A. 
This market basket generates a utility level U { of 25. Then the indifference curve 
(also called an isoutility curve) was drawn by finding all market baskets for 
which FC = 25 (e.g., F = 10, C = 2.5 at point B; F = 2.5, C = 10 at point D). Tine 
second indifference curve IF contains all market baskets for which FC = 50 and 
the third ti 3 all market baskets for which FC = 100. 

It is important to note that the numbers attached to the indifference curves 
are for convenience only. Suppose the utility function were changed to 
u(F,C) = 4FC. Consider any market basket that previously generated a utility 
level of 25 — say, F = 5 and C = 5. Now the level of utility has increased, by a 
factor of 4, to 100. Thus the indifference curve labeled 25 looks the same, 
although it should now be labeled 100 rather than 25. In fact, the only difference 
between the indifference curves associated with the utility function 4FC and the 
utility function FC is that the curves are numbered 100, 200, and 400, rather than 
25, 50, and 100. It is important to stress that the utility function is simply a way 
of ranking different market baskets; the magnitude of the utility difference 
between any two market baskets does not really tell us anything. The fact that U 3 
has a level of utility of 100 and LI, has a level of 50 does not mean that market 
baskets on ll 3 generate twice as much satisfaction as those on U 2 . This is so 
because we have no means of objectively measuring a person's satisfaction or 
level of well-being from the consumption of a market basket. Thus whether we 
use indifference curves or a measure of utility, we know only that U 3 is better 
than L l 2 and that U 2 is better than Lty. We do not, however, know by how much 
one is preferred to the other. 

Ordinal versus Cardinal Utility Tire three indifference curves in Figure 3.3 
provide a ranking of market baskets that is ordered, or ordinal. For this reason, a 
utility function that generates a ranking of market baskets is called an ordinal 
utility function. Tire ranking associated with the ordinal utility function places 
market baskets in the order of most to least preferred. However, as explained 
above, it does not indicate by how much one is preferred to another. We know, for 
example, that any market basket on U 3 , such as A, is preferred to any on LF, such as 
B However, the amount by which A is preferred to B (and B to D) is not revealed 
by the indifference map or by the ordinal utility function that generates it. 

When working with ordinal utility functions, we must be careful to avoid a 
trap. Suppose that Juan's ordinal utility function attaches a utility level of 5 to a 
copy of this textbook; meanwhile Maria's utility function attaches a level of 10. 
Will Maria be happier than Juan if each of them gets a copy of this book? We 
don't know. Because these numerical values are arbitrary, interpersonal compar- 
isons of utility are impossible. 

When economists first studied utility and utility functions, they hoped that 
individual preferences could be quantified or measured in terms of basic units 
and could therefore provide a ranking that allowed for interpersonal compar- 
isons. Using this approach, we could say that Maria gets twice as much satisfac- 
tion as Juan from a copy of tins book. Or if we found that having a second copy 
increased Juan's utility level to 10, we could say that Iris happiness has doubled. 
If the numerical values assigned to market baskets did have meaning in this 
way, we would say that the numbers provided a cardinal ranking of alternatives. 
A utility function that describes bxj how much one market basket is preferred to 
another is called a cardinal utility function. Unlike ordinal utility functions, a 


cardinal utility function attaches to market baskets numerical values that cannot 
arbitrarily be doubled or tripled without altering the differences between the 
values of various market baskets. 

Unfortunately, we have no way of telling whether a person gets twice as 
much satisfaction from one market value as from another. Nor do we know 
whether one person gets twice as much satisfaction as another from consuming 
the same basket. (Could you tell whether you get twice as much satisfaction from 
consuming one thing versus another?) Fortunately, this constraint is unimpor- 
tant. Because our objective is to understand consumer behavior, all that matters 
is knowing how consumers rank different baskets. Therefore, we will work only 
with ordinal utility functions. This approach is sufficient for understanding both 
how individual consumer decisions are made and what this knowledge implies 
about the characteristics of consumer demand. 
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So far we have focused only on the first piece of consumer theory — consumer 
preferences. We have seen how indifference curves (or, alternatively, utility func- 
tions) can be used to describe how consumers value various baskets of goods. 
Now we turn to the second part of consumer theory: the budget constraints that 
consumers face as a result of their limited incomes. 


To see how a budget constraint limits a consumer's choices, let's consider a situ- 
ation in which a woman has a fixed amount of income, l, that can be spent on 
food and clothing. Let F be the amount of food purchased and C the amount of 
clothing. We will denote the prices of the two goods P F and P c . In that case, P f F 
(i.e., price of food times the quantity’) is the amount of money spent on food arid 
P c C the amount of money spent on clothing. 

The budget line indicates all combinations of F and C for which the total amount 
of money spent is equal to income. Because we are considering only two goods (and 
ignoring the possibility of saving), the woman will spend her entire income on 
food and clothing. As a result, the combinations of food and clothing that she 
can buy will all lie on this line: 




PrF + PrC = I 


(3.1) 


Suppose, for example, that our consumer has a weekly income of $80, the 
price of food is SI per unit, and tire price of clothing is $2 per unit. Table 3.2 
shows various combinations of food and clothing that she can purchase each 
week with her $80. If her entire budget were allocated to clothing, the most that 
she could buy would be 40 units (at a price of $2 per unit), as represented by 
market basket A. If she spent her entire budget on food, she could buy 80 units 
(at $1 per unit), as given by market basket G. Market baskets B, D, and E show 
three additional ways in which $80 could be spent on food and clothing. 


budget constraints Con- 
straints that consumers face as 
a result of limited incomes. 


budget line All combinations 
of goods for which the total 
amount of money spent is 
equal to income. 
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Figure 3.9 shows the budget line associated with the market baskets given in 
Table 3.2. Because giving up a unit of clothing saves $2 and buying a unit of 
food costs $1, the amount of clothing given up for food along the budget line 
must be the same everywhere. As a result, the budget line is a straight line from 
point A to point G. In this particular case, the budget line is given by the equa- 
tion r + 2C • $80. 

The intercept of the budget line is represented by basket A. As our consumer 
moves along the line from basket A to basket G, she spends less on clothing and 
more on food. It is easy to see that the extra clothing that must be given up to 
consume an additional unit of food is given by the ratio of the price of food to 
the price of clothing (S1/S2 = 1/2). Because clothing costs $2 per unit and food 
only $1 per unit, 1/2 unit of clothing must be given up to get 1 unit of food. In 
Figure 3.9 the slope of the line, AC /A F = - 1/2, measures the relative cost of 
food and clothing. 
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FIGURE 3.9 A Budget Line 


A budget line describes the combinations of goods that can be purchased given tire 
consumer's income and the prices of the goods. Line AG (which passes through 
points B, D, and £) shows the budget associated with an income of SSO, a price of 
food of P F = $1 per unit, and a price of clothing of P c = S2 per unit. The slope of the 
budget line (measured between points B arid D) is — P F /P c = — 10/20 = — 1/2. 
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Usiiw equation (3.1), we can see how much of C must be given up to consume 
more of° F We divide both sides of the equation by P c and then solve for C: 

C = ( I/Pc ) - (Pf/PcW (^-2) 

Equation (3.2) is the equation for a straight line; it has a vertical intercept of I/P c 

and a slope of - (P F /P C )- _ , . 

The slope of the budget line, — (P F /P C ), is the negative of the ratio of the prices of 
the two roods. Tire magnitude of the slope tells us the rate at which the two goods 
can be substituted for each other without changing the total amount of money 
spent. The vertical intercept (I/Pc) represents the maximum amount of C that can 
be purchased with income L Finally, the horizontal intercept (I/P F ) tells us how 
many emits of F can be purchased if all income were spent on F. 


We have seen that the budget line depends both ori income and on the prices of 
the ffoods P f and P c . But of course prices and income often change. Let's see how 
such changes affect the budget line. 

Income Changes What happens to the budget line when income changes? 
From the equation for the straight line (3.2), we can see that a change in income 
alters the vertical intercept of the budget line but does not change the slope 
(because the price of neither good changed). Figure 3.10 shows that if income is 
doubled (horn $80 to $160), the budget line shifts outward, from budget line to 


FIGURE 3.10 Effects of a Change in 


on the 


Line 
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budget line L 2 . Note, however, that L 2 remains parallel to L v If she desires, our con- 
sumer can now double her purchases of both food and clothing. Likewise, if her 
income is cut in half (from $80 to $40), the budget line shifts inward, from L 2 to L 3 . 

Price Changes What happens to the budget line if the price of one good 
changes but the price of the other does not? We can use the equation 
C = ( I/P c ) — ( P f /P c )F to describe the effects of a change in the price of food on 
the budget line. Suppose the price of food falls by half, from $1 to $0.50. In that 
case, the vertical intercept of the budget line remains unchanged, although the 
slope changes from ~P F /P C = -l/$2 = -1/2 to -$0.50/$2 = -1/4. In Figure 
3.11, we obtain the new budget line L 2 by rotating the original budget line Lj out- 
ward, pivoting from the C-intercept. This rotation makes sense because a person 
who consumes only clothing and no food is unaffected by the price change. 
However, someone who consumes a large amount of food will experience an 
increase in his purchasing power. Because of the decline in the price of food, the 
maximum amount of food that can be purchased has doubled. 

On the other hand, when the price of food doubles from $1 to $2, the budget 
line rotates inward to line I 3 because the person's purchasing power has dimin- 
ished. Again, a person who consumed only clothing would be unaffected by the 
food price increase. 

What happens if the prices of both food and clothing change, but in a way 
that leaves the ratio of the two prices unchanged? Because the slope of the bud- 
get line is equal to the ratio of the two prices, the slope will remain the same. The 
intercept of the budget line must sfiift so that the new line is parallel to the old 
one. For example, if the prices of both goods fall by half, then the slope of the 
budget line does not change. However, both intercepts double, arid the budget 
line is shifted outward. 

This exercise tells us something about the determinants of a consumer's 
purchasing power — her ability to generate utility through the purchase of goods 
and sendees. Purchasing power is determined not only by income, but also by 




FIGURE 3.11 Effects of a Change in Price on the Budget Line 


A change in the price of one good (with income unchanged) causes the budget line to 
rotate about one intercept. When the price of food falls from $1.00 to $0.50, the bud- 
get line rotates outward from L t to L,. However, when the price increases from $1.00 
to $2.00, the line rotates inward from Lj to L 3 . 
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prices. For example, our consumer's purchasing power can double either 
because her income doubles or because the prices of all the goods that she buys 
fall by half. 

Finally, consider what happens if everything doubles — the prices of both 
food and clothing and the consumer's income. (This can happen in an inflation- 
ary economy.) Because both prices have doubled, the ratio of the prices has not 
changed; neither, therefore, has the slope of the budget line. Because the price of 
clothing has doubled along with income, the maximum amount of clothing that 
can be purchased (represented by the vertical intercept of the budget line) is 
unchanged. The same is true for food. Therefore, inflationary conditions in 
which all prices and income levels rise proportionately will not affect the con- 
sumer's budget line or purchasing power. 


.onsumer Lnoi 


Given preferences and budget constraints, we can now determine how individ- 
ual consumers choose how much of each good to buy. We assume that con- 
sumers make this choice in a rational way — that they choose goods to maximize 
the satisfaction they can achieve, given the limited budget available to them. 

The maximizing market basket must satisfy two conditions: 

1. It must be located on the budget line. To see why, note that any market bas- 
ket to the left of and below the budget line leaves some income 
unallocated — income which, if spent, could increase the consumer's satis- 
faction. Of course, consumers can — and sometimes do — save some of their 
incomes for future consumption. In that case, the choice is not just between 
food and clothing, but between consuming food or clothing now and con- 
suming food or clothing in the future. At this point, however, we will keep 
things simple by assuming that all income is spent now. Note also that any 
market basket to the right of and above the budget line cannot be purchased 
with available income. Thus, the only rational and feasible choice is a basket 
on the budget line. 

2. It must give the consumer the most preferred combination of goods and 
sendees. 


These two conditions reduce the problem of maximizing consumer satisfaction 
to one of picking an appropriate point on the budget line. 

In our food and clothing example, as with any two goods, we can graphically 
illustrate the solution to the consumer's choice problem. Figure 3.12 shows how 
the problem is solved. Here, three indifference curves describe a consumer's 
preferences for food and clothing. Remember that of the three curves, the outer- 
most curve li 3 , yields the greatest amount of satisfaction, curve U 2 the next 
greatest amount, and curve Lf 3 the least. 

Note that point B on indifference curve U 2 is not the most preferred choice, 
because a reallocation of income in which more is spent on food and less on cloth- 
ing can increase the consumer's satisfaction. In particular, by moving to point A, the 
consumer spends the same amount of money and achieves the increased level of sat- 
isfaction associated with indifference curve U 2 . In addition, note that baskets located 
to the right and above indifference curve IT, like the basket associated with D on 
indifference curve U 3 , achieve a higher level of satisfaction but cannot be purchased 
with the available income. Therefore, A maximizes the consumer's satisfaction. 
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FIGURE 3.12 Maximizing Consumer Satisfaction 


Consumers maximize satisfaction by choosing market basket A. At this point, the 
budget line and indifference curve IF are tangent, and no higher level of satisfaction 
(e.g., with market basket D) can be attained. At A, the point of maximization, the 
MRS between the two goods equals the price ratio. At B, however, because the MRS 
[ — (—10/10) = 1 is greater than the price ratio (1/2), satisfaction is not maximized. 


We see from this analysis that the basket which maximizes satisfaction must 
lie on the highest indifference curve that touches the budget line. Point A is the 
point of tangency between indifference curve L U and the budget line. At A, the 
slope of the budget line is exactly equal to the slope of the indifference curve. 
Because the MRS (— AC/AF) is the negative of the slope of the indifference 
curve, we can say that satisfaction is maximized (given the budget constraint) at 
the point where 


marginal benefit Benefit 
from the consumption of one 
additional unit of a good. 

marginal cost Cost of one 
additional unit of a good. 


MRS = P F /P C (3.3) 

This is an important result: Satisfaction is maximized when the marginal rate of 
substitution (of F for C) is equal to the ratio of the prices (of F to C). Thus the con- 
sumer can obtain maximum satisfaction by adjusting his consumption of goods 
F and C so that the MRS equals the price ratio. 

The condition given in equation (3.3) illustrates the kinds of optimization con- 
ditions that arise in economics. In this instance, satisfaction is maximized when 
the marginal benefit — the benefit associated with the consumption of one addi- 
tional unit of food — is equal to the marginal cost — the cost of the additional 
unit of food. The marginal benefit is measured by the MRS. At point A, it equals 
1/2 (the magnitude of the slope of the indifference curve), which implies that the 
consumer is willing to give up 1/2 unit of clothing to obtain 1 unit of food. At the 
same point, the marginal cost is measured by the magnitude of the slope of the 
budget line; it too equals 1/2 because the cost of getting one unit of food is giv- 
ing up 1/2 unit of clothing (P F = 1 and P c = 2 on the budget line). 
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If the MRS is less or greater than the price ratio, the consumer's satisfaction 
has not been maximized. For example, compare point B in Figure 3.12 to point 
-4. At point B, the consumer is purchasing 20 units of food and 30 units of cloth- 
ing- The price ratio (or marginal cost) is equal to 1/2 because food costs $1 and 
clothing $2. However, the MRS (or marginal benefit) is greater than 1/2; it is 
approximately 1. As a result, the consumer is able to substitute 1 unit of food for 
1 emit of clothing without loss of satisfaction. Because food is cheaper than cloth- 
ing, it is in her interest to buy more food and less clothing. If our consumer pur- 
chases 1 less unit of clothing, for example, the $2 saved can be allocated to two 
units of food even though only one unit is needed to maintain her level of satis- 
faction/ 

The reallocation of the budget continues in this manner (moving along the 
budget line), until we reach point A, where the price ratio of 1/2 just equals the 
MRS of 1/2. This point implies that the consumer is willing to trade one unit of 
clothing for two units of food. Only when the condition MRS = 1/2 = P F /P c 
holds is she maximizing her satisfaction. 



Designing New Automobiles (II) 

■1 ’ It 


O ur analysis of consumer choice allows us to see how the differing preferences 
of consumer groups for automobiles can affect their purchasing decisions. 
Following up on Example 3.1, we consider two groups of consumers. Tire mem- 
bers of each group wish to spend $10,000 each on tire styling and performance of a 
new car. (Additional money could be allocated to other attributes of automobiles 
not discussed here; thus the total expenditure on each car could be more than 
$10,000.) Each group has different preferences for styling and performance. 

Figure 3.13 shows the car-buying budget constraint faced by individuals in 
each group. The first group, with preferences similar to those in Figure 3.7(a), 
prefers performance to styling. By finding the point of tangency between a typ- 


ical individual's indifference curve and the budget constraint, we see that con- 
sumers in this group would prefer to buy a car whose performance was worth 
$7,000 and whose styling was worth $3,000. Individuals in the second group, 
however, would prefer cars with $2,500 worth of performance and $7,500 
worth of styling. (Recall from Example 3.1 that statistical studies have shown 
that the majority of consumers belong to the second group.) 

With knowledge of group preferences, an automobile company can design 
a production and marketing plan. One potentially profitable option is to 
appeal to both groups by manufacturing a model emphasizing styling to a 
slightly lesser degree than preferred by individuals in Figure 3.13(b) but to a 
much greater degree than preferred by' those in Figure 3.13(a). A second option 
is to produce a relatively large number of cars that emphasize styling and a 
smaller number emphasizing performance. Knowledge about the preferences 
of each group, along with information about the number of consumers in each, 


The result that the MRS equals the price ratio is deceptively powerful. Imagine two consumers 
who have just purchased various quantities of food and clothing. Without looking at their purchases, 
you can tell both persons (if they are maximizing) the value of their MRS (by looking at the prices of 
the two goods). What you cannot tell, however, is the quantity of each good purchased, because that 
decision is determined by their individual preferences. If the two consumers have different tastes, 
they will consume different quantities of food and clothing, even though each MRS is the same 
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FIGURE 3.13 Consumer Choice of Automobile Attributes 


Hie consumers in (a) are willing to trade off a considerable amount of styling for some additional performance. Given 
a budget constraint, they will choose a car that emphasizes performance. The opposite is true for consumers in (b). 


would be sufficient to allow the firm to make a sensible strategic business 


decision 

In fact, an exercise similar to this was carried out by General Motors in a 
survey of a large number of automobile buyers. 6 Some of the results were 
expected. For example, households with children tended to prefer functionality 
over style and so tended to buy minivans rather than sedans and sport} - cars. 
Rural households, on the other hand, tended to purchase pickups and all- 
wheel drives. More interesting was the strong correlation between age and 
preferences for attributes. Older consumers tended to prefer larger and heavier 
cars with more safety features and accessories (e.g., power windows and steer- 
ing). Younger consumers preferred greater horsepower and more stylish cars 
(including sport utility vehicles). 


xample 3 . 3 Decision Making and Public Policy" 

..... : 



G rant programs from the federal government to state and local govern- 
ments serve many purposes. One program might seek to increase school 
spending, another to redistribute income from relatively wealthy states and 
localities to those that are relatively poor. A third might try to ensure that indi- 
vidual governments provide minimum service levels. 


c The survey design and the results are described in Steven Berry, James Levinsohn, and Ariel Pakes, 
"Differentiated Products Demand Systems from a Combination of Micro and Macro Data: The New 
Car Market," National Bureau of Economic Research Working Paper 6481, March 1998. 
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FIGURE 3.14 (a) A Nonmatching Grant 
(b) A Matching Grant 
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(a) A nonmatching grant from the federal government to a local government acts just like an income increase in tradi- 
tional consumer analysis. Tire local government official moves from A to B, allocating a portion of the grant to police 
expenditures and a portion to lower taxes and, therefore, to an increase in private expenditures, (b) A matching grant 
acts just like a price decrease in traditional consumer analysis. Tire local government official moves from A to C, allo- 
cating some of the grant to police expenditures and some to private expenditures. Relatively more money, however, is 
spent on police expenditures than would be the case with a nonmatching grant of the same total amount. 


Which kinds of grant programs are best suited to achieve these different 
objectives? Tire answer depends on the incentive effects that each program gen- 
erates. By changing the constraints faced by local public officials, a grant pro- 
gram can alter an official's decision about how much a local government 
should spend. We can use consumer theory to see how two types of grant pro- 
grams evoke different responses from public officials. 

Suppose that a public official is in charge of the police budget, which is paid 
for by local taxes. Her preferences reflect what she believes should be allocated 
for police spending and what she feels citizens would prefer to hav e available 
for private consumption. Before the introduction of the grant program, the 
city's budget line is PQ in Figure 3.14(a). This budget line represents the total 
amount of resources available for public police spending (shown on the hori- 
zontal axis) and private spending (on the vertical).' The preference-maximizing 
market basket A on indifference curve Uj shows that OR is spent on private 
expenditures and OS on police expenditures. Because public expenditures are 
paid for by local taxes, these private expenditures represent spending after 
local taxes have been paid. 

Tire first type of grant program, a nonmatching grant , is simply a check from 
the federal government that the local government can spend without restriction. 
An unconditional grant of this sort expands the community budget line 




This sum would approximately equal the per capita income of the jurisdiction (sav S10,000) times 
the number of taxpayers (sav, 50,000 ) 
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corner solution Situation in 
which the marginal rate of 
substitution for one good in a 
chosen market basket is not 
equal to the slope of the bud- 
get line. 


outward from PQ to TV in Figure 3.14(a), where PT = QV is the dollar 
amount of the grant. Tire local government's response to this influx of dollars 
is to move to a higher indifference curve bv selecting market basket B, with 
more of both goods (Oil of private expenditures and OZ of police expendi- 
tures). But more private expenditures means that some of the money for 
police that came previously from taxes now comes from government grants. 

Tire second type of program is the matching grant — funds offered as a form of 
subsidy to local spending. For example, the federal government might offer SI for 
every $2 that the local government raises to pay for police. As a result, a matching 
grant lowers the cost of the publicly provided good. In terms of Figure 3.14(b), the 
matching grant rotates the budget line outward from PQ to PR If no local money 
is spent on police, the budget line is unchanged. However, if the local official 
decides to spend money on the public sector, the budget increases. 

hr response to the matching grant, the official chooses market basket C rather 
than A. As with a nonmatching grant, there is an increase in police expenditures 
and a tax cut that leads to an increase in private consumption. At C, OX dollars 
are allocated to police and OW to private expenditures. However, the spending 
effects of the two Apes of grant are different. The diagram shows that the match- 
ing grant leads to greater police spending than does the nonmatching grant, 
even when the two programs involve identical government expenditures. 8 


Sometimes consumers buy in extremes, at least within categories of goods. Some 
people, for example, spend no money on travel and entertainment. Indifference 
curve analysis can be used to show conditions under which consumers choose 
not to consume a particular good. 

In Figure 3.15, a man faced with budget line for snacks AB chooses to pur- 
chase only ice cream (1C) and no frozen yogurt (Y). This decision reflects what is 
called a comer solution: When one of the goods is not consumed, the consump- 
tion bundle appears at the corner of the graph. At B, which is the point of maxi- 
mum satisfaction, the MRS of ice cream for frozen yogurt is greater than the 
slope of the budget line. This inequality suggests that if the consumer had more 
frozen yogurt to give up, he would gladly trade it for additional ice cream. At 
this point, however, our consumer is already consuming all ice cream and no 
frozen yogurt, and it is impossible to consume negative amounts of frozen 
yogurt. 

When a corner solution arises, the consumer's MRS does not necessarily equal the 
price ratio. Unlike the condition expressed in equation (3.3), the necessary condi- 
tion for satisfaction to be maximized when choosing between ice cream and 
frozen yogurt in a corner solution is given bv the following inequality: 9 

MRS > P, c /Py (3.4) 


b Note also that point B, which is attained with a nonmatching grant, is on a higher indifference 
curve than point C, which is attained with a matching grant. The nonmatching grant leads to greater 
satisfaction for the same level of expenditure. In other words, there is a trade-off between encourag- 
ing a particular change in expenditure and achieving the highest level of satisfaction for a giv en 
expenditure. 

' Strict equality could hold if the slope of the budget constraint happened to equal the slope of the 
indifference curve — a condition that is unlikely. 
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When the consumer's marginal rate of substitution is not equal to the price ratio for 
all levels of consumption, a corner solution arises. The consumer maximizes satisfac- 
tion by consuming only one of the two goods. Given budget line AB, the highest 
level of satisfaction is achieved at B on indifference curve U h where the MRS (of ice 
cream for frozen yogurt) is greater than the ratio of the price of ice cream to the price 
of frozen yogurt. 


This inequality would, of course, be reversed if the corner solution were at point 
/I rather than B. In either case, we can see that the marginal benefit-marginal 
cost equality that we described in the previous section holds only when positive 
quantities of all goods are consumed. 

An important lesson here is that predictions about how much of a product 
consumers will purchase when faced with changing economic conditions 
depend on the nature of consumer preferences for that product and related 
products and on the slope of the consumer's budget line. If the MRS of ice cream 
for frozen yogurt is substantially greater than the price ratio, as in Figure 3.15, 
then a small decrease in the price of frozen yogurt will not alter the consumer's 
choice; he will still choose to consume only ice cream. But if the price of frozen 
yogurt falls far enough, the consumer could quickly choose to consume a lot of 
frozen yogurt. 


3.4 A College Trust Fund 


J ane Doe's parents have provided a trust fund for her college education. Jane, 
who is 18, can receive the entire trust fund on the condition that she spend it 
only on education. The fund is a welcome gift to Jane but perhaps not as 
welcome as an unrestricted trust. To see why Jane feels this way, consider 
Figure 3.16, in which dollars per year spent on education are shown on the hor- 
izontal axis and dollars spent on other forms of consumption on the vertical. 
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When given a college trust fund that must be spent on education, the student moves 
from A to B, a comer solution. If, however, the trust fund could be spent on other 
consumption as well as education, the student would be better off at C. 


The budget line that Jane faces before being awarded the trust is given by- 
line PQ. The trust fund expands the budget line outward as long as the full 
amount of the fund, shown by distance PB, is spent on education. By accepting 
the trust fund and going to college, Jane increases her satisfaction, moving from 
A on indifference curve U l to B on indifference curve U 2 . 

Note that B represents a comer solution because Jane's marginal rate of sub- 
stitution of other consumption for education is lower than the relative price of 
other consumption. Jane would prefer to spend a portion of the trust fund on 
other goods in addition to education. Without restriction on the trust fund, she 
would move to C on indifference curve lf 3 , decreasing her spending on educa- 
tion (perhaps going to a junior college rather than a four-year college) but 
increasing her spending on items that she enjoys more than education. 

Recipients usually prefer unrestricted to restricted trusts. Restricted trusts 
are popular, however, because they allow parents to control children's expendi- 
tures in ways that they believe are in the children's long-run best interests. 
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In Section 3.1, we saw how an individual's preferences could be represented by a 
series of indifference curves. Then in Section 3.3, we saw how preferences, given 
budget constraints, determine choices. Can this process be reversed? If we know 
the choices that a consumer has made, can we determine Iris or her preferences? 
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If air individual facing budget line f has chosen market basket A rather than market 
basket B, A is revealed to be preferred to B. Likewise, tire individual facing budget 
line l 2 chooses market basket B, which is then revealed to be preferred to market 
basket D. Whereas A is preferred to all market baskets in tire green-shaded area, all 
baskets in tire pink-shaded area are preferred to A. 


We can if we have information about a sufficient number of choices that have 
been made when prices and income levels varied. The basic idea is simple. If a 
consumer chooses one market basket over another, and if the chosen market basket is more 
expensive than the alternative, then the consumer must prefer the chosen market basket. 

Suppose that an individual, facing the budget constraint given by line f in 
Figure 3.17, chooses market basket A. Let's compare A to baskets B and D. 
Because the individual could have purchased basket B (and all baskets below 
line /]) and did not, we say that A is preferred to B. 

It might seem at first glance that we camrot make a direct comparison 
between baskets A and D because D is not on /,. But suppose the relative prices 
of food and clothing change, so that the new budget line is l 2 and the individual 
then chooses market basket B. Because D lies on budget line l 2 and was not cho- 
sen, B is preferred to D (and to all baskets below line l 2 ). Because A is preferred 
to B and B is preferred to D, we conclude that A is preferred to D. Furthermore, 
note in Figure 3.17 that basket A is preferred to all of the baskets that appear in 
the green-shaded areas. However, because food and clothing are "goods" rather 
than "bads," all baskets that lie in the pink-shaded area in the rectangle above 
and to the right of A are preferred to A. Thus, the indifference curve passing 
through A must lie in the unshaded area. 


Given more information about choices when prices and income levels vary, we 
can get a better fix on the shape of the indifference curve. Consider Figure 3.18. 
Suppose that facing line l 3 (wliich was chosen to pass through A), the individual 
chooses market basket E. Because E was chosen even though A was equally expen- 
sive (it lies on the same budget line), E is preferred to A, as are all points in the rec- 
tangle above and to the right of E. Now suppose that facing line h (which passes 
through A), the individual chooses market basket G. Because G was chosen and 
A was not, G is preferred to A, as are all market baskets above and to the right of G. 
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FIGURE 3.18 Revealed Preference: Four Budget Lines 


Facing budget line l 3 die individual chooses E, which is revealed to be preferred to A 
(because A could have been chosen). Likewise, facing line /.„ G is chosen, which is 
also revealed to be preferred to A. Whereas A is preferred to all market baskets in the 
green-shaded area, all market baskets in the pink-shaded area are preferred to A. 


We can go further by making use of the assumption that preferences are convex. 
In that case, because £ is preferred to A, all market baskets above and to the right of 
line AE in Figure 3. IS must be preferred to A. Otherwise, the indifference curve 
passing through A would have to pass through a point above and to the right of 
AE and then fall below the line at £ — in which case the indifference curve would 
not be convex. By' a similar argument, all points on AG or above are also pre- 
ferred to A. Therefore, the indifference curve must lie within the unshaded area. 

The revealed preference approach is valuable as a means of checking whether 
individual choices are consistent with the assumptions of consumer theory. As 
Example 3.5 shows, revealed preference analysis can help us understand the 
implications of choices that consumers must make in particular circumstances. 


If X A M p LJs, 3 . 5 Revealed Preference^ for Recreation 
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A health club has been offering the use of its facilities to anyone who is will- 
ing to pay' an hourly fee. Now the club decides to alter its pricing policy by 
charging both an annual membership fee and a lower hourly fee. Does this new 
financial arrangement make individuals better off or worse off than they were 
under the old arrangement? Tire answer depends on people's preferences. 

Suppose that Roberta has S100 of income available each week for recre- 
ational activities, including exercise, movies, restaurant meals, and so on. 
When the health club charged a fee of $4 per hour, Roberta used the facility 
10 hours per week. Under the new arrangement, she is required to pay' $30 per 
week but can use the club for only $1 per hour. 
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FIGURE 3.19 Rfgyealedpreference for Recreation 


When facing budget line l u an individual chooses to use a health club for 10 hours 
per week at point A. When the fees are altered, she faces budget line 1 2 . She is then 
made better off because market basket A can still be purchased, as can market basket 
B, which lies on a higher indifference curve. 


Is tliis change beneficial for Roberta? Revealed preference analysis provides 
the answer, hr Figure 3.19, line /, represents the budget constraint that Roberta 
faced under the original pricing arrangement. In this case she maximized her 
satisfaction by choosing market basket A, with 10 hours of exercise and $60 of 
other recreational activities. Under the new arrangement, which shifts the bud- 
get line to U, she could still choose market basket A. But because U x is clearly 
not tangent to / 2 , Roberta will be better off choosing another basket, such as B, 
with 25 hours of exercise and $45 of other recreational activities. Because she 
would choose B when she could still choose A, she prefers B to A. Tire new pric- 
ing arrangement therefore makes Roberta better off. (Note that B is also pre- 
ferred to C, which represents the option of not using the health club at all.) 

We could also ask whether this new pricing sy'stem — called a two-part 
tariff — will increase the dub's profits. If all members are like Roberta and more 
use generates more profit, then the answer is yes. In general, however, the 
answer depends on two factors: the preferences of all members and the costs of 
operating the facility. We discuss the two-part tariff in detail in Chapter 11, 
where we study' way's in which firms with market power set prices. 


Marginal Utility 

1 V-i “g-i-i 

and Consumer ciioice 


In Section 3.3, we showed graphically' how a consumer can maximize his or her 
satisfaction given a budget constraint. We do this by finding the highest indiffer- 
ence curve that can be reached, given that budget constraint. Because the highest 
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marginal utility (MU) Addi- 
tional satisfaction obtained 
from consuming one addi- 
tional unit of a good 

diminishing marginal utility 

Principle that as more of a 
good is consumed, the con- 
sumption of additional 
amounts will yield smaller 
additions to utility. 


indifference curve also has the highest attainable level of utility, it is natural to recast 
the consumer's problem as one of maximizing utility subject to a budget constraint. 

The concept of utility can also be used to recast our analysis in a way that pro- 
vides additional insight. To begin, let's distinguish between the total utility 
obtained by consumption and the satisfaction obtained from the last item con- 
sumed. Marginal utility (MU) measures the additional satisfaction obtained from 
consuming one additional unit of a good For example, the marginal utility associ- 
ated with a consumption increase from 0 to 1 unit of food might be 9; from 1 to 2, 
it might be 7; from 2 to 3, it might be 5. 

These numbers imply that the consumer has diminishing marginal utility: 
As more and more of a good is consumed, consuming additional amounts will 
vield smaller and smaller additions to utility. Imagine, for example, the con- 
sumption of television: Marginal utility might fall after the second or third hour 
and could become very small after the fourth or fifth. 

We can relate the concept of marginal utility to the consumer's utility-maxi- 
mization problem in the following way. Consider a small movement down an 
indifference curve in Figure 3.8 (p. 73). The additional consumption of food, AF, 
will generate marginal utility MU f . This shift results in a total increase in utility 
of MU f AF. At the same time, the reduced consumption of clothing, AC, will 
lower utility per unit by MU C , resulting in a total loss of MU’cAC. 

Because all points on an indifference curve generate the same level of utility, 
the total gain in utility associated with the increase in F must balance the loss 
due to the lower consumption of C. Formally, 


0 = MU f (AF) + MUc(AC) 

Now we can rearrange this equation so that 

-(AC/AF) = MU f /MU c 

But because — (AC / AF) is the MRS of F for C, it follows that 

MRS = MUf/MU c (3.5) 

Equation (3.5) tells us that the MRS is the ratio of the marginal utility of F to the 
marginal utility of C. As the consumer gives up more and more of C to obtain 
more of F, the marginal utility of F falls and that of C increases. 

We saw earlier in this chapter that when consumers maximize their satisfac- 
tion, the MRS of F for C is equal to the ratio of the prices of the two goods: 

MRS = Pp/Pr (3.6) 


Because the MRS is also equal to the ratio of the marginal utilities of consuming 
F and C (from equation 3.5), it follows that 


MU f /MU c = PpJPc 
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or 

MUf/Pf = MU C /P C (3.7) 

Equation (3.7) is an important result It tells us that utility maximization is 
achieved when the budget is allocated so that the marginal utility per dollar of 
expenditure is the same for each good. To see why this principle must hold, suppose 
that a person gets more utility from spending an additional dollar on food than 
on clothing. In this case, her utility will be increased by spending more on food. 

As long as the marginal utility of spending an extra dollar on food exceeds the 
marginal utility of spending an extra dollar on clothing, she can increase her util- 
ity by slutting her budget toward food and away from clothing. Eventually, the 
marginal utility of food will decrease (because there is diminishing marginal 
utilitv in its consumption) and the marginal utility of clothing will increase (for 

the same reason). Only when the consumer has satisfied the equal marginal equal marginal principle 
principle — i.e., has equalized the marginal utility per dollar of expenditure across all Principle that utility is maxi- 
goods — will she have maximized utility. The equal marginal principle is an ^uaUz'ed^he^ma'rSnaUhility 5 
important concept in microeconomics. It will reappear in different forms per dollar of expenditure 
throughout our analysis of consumer and producer behavior. across all goods. 



I n times of war and other crises, governments often impose price controls on 
critical products. In 1974 and 1979, for example, the U.S. government 
imposed price controls on gasoline. As a result, motorists wanted to buy more 
gasoline than was available at controlled prices, and gasoline had to be 
rationed. Nonprice rationing is an alternative way of dealing with shortages 
that some people consider fairer than relying on uncontested market forces. 
Under one form of rationing, everyone has an equal chance to purchase a 
rationed good. Under a market system, those with higher incomes can outbid 
those with lower incomes to obtain goods that are in scarce supply. 

In the United States, gasoline was allocated by long lines at the gas pumps: 
While those who were willing to give up their time waiting got the gas they 
wanted, others did not. By guaranteeing every eligible person a minimum 
amount of gasoline, rationing can provide some people with access to a prod- 
uct that they could not otherwise afford. But rationing hurts others by limiting 
the amount of gasoline that they can buy. 10 

We can see this principle clearly in Figure 3.20, which applies to a woman 
with an annual income of $20,000. The horizontal axis shows her annual con- 
sumption of gasoline, the vertical axis her remaining income after purchasing 
gasoline. Suppose the controlled gasoline price is SI per gallon. Because her 
income is $20,000, she is limited to the points on budget line AB, which has a 
slope of — 1. At $1 per gallon, she might wish to buy 5,000 gallons of gasoline 
per year and spend $15,000 on other goods, represented by C. At this point, she 
would have maximized her utility (by being on the highest possible indiffer- 
ence curve l If), given her budget constraint of $20,000. 


10 For a more extensive discussion of gasoline rationing, see H. E. Freeh III and William C. Lee, "The 
Welfare Cost of Rationing-by-Queuing Across Markets: Theory and Estimates from the U.S. Gasoline 
Crises," Quarterly journal of Economics (1987): 97-108. 


92 Part 2 Producers, Consumers, and Competitive Markets 


In §1.1, we introduce the 
Consumer Price Index as a 
measure of the cost of a "typi- 
cal" consumer's entire mar- 
ket basket. As such, changes 
in the CPI also measure the 
rate of inflation. 


Spending x \ A 

on Other 20,000 /Cv 
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When a good is rationed, less is available than consumers would like to buy. 
Consumers mav be worse off. Without gasoline rationing, up to 20,000 gallons of 
gasoline are available for consumption (at point B). Tire consumer chooses point C 
on indifference curve U 2 , consuming 5,000 gallons of gasoline. However, with a limit 
of 2,000 gallons of gasoline under rationing (at point £), the consumei mo\ es to D on 
the lower indifference curve U , 


With rationing, however, our consumer can purchase only 2,000 gallons of 
gasoline. Thus, she now faces budget line ADE, a line that is no longer a 
straight line because purchases above 2,000 gallons are not possible. The figure 
shows that Her choice to consume at D involves a lower level of utility, Uj, than 
would be achieved without rationing, U 2 , because she is consuming less gaso- 
line and more of other goods than she would otherwise prefer 


'ost-cf-Livir 


r r n H ovoc 

. 1 pL. 11 IU.tr Av o 


The Social Security svstem has been the subject of heated debate for some time 
now. Under the present system, a retired person receives an annual benefit that 
is initially determined at the time of retirement and is based on his oi hei work 
history. The benefit then increases from year to year at a rate equal to the iate ot 
increase of the Consumer Price Index (CPI). I he CPI is calculated each year by the 
U.S Bureau of Labor Statistics as the ratio of the present cost of a typical bundle of con- 
sumer goods and services in comparison to the cost dining a base period. Does the CP 
accurately reflect the cost of living for retirees? Is it appropriate to use the CPI 
as we now do — as a cost-of-living index for other government progiams, for 
private union pensions, and for private wage agreements? The answers to these 


m 
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questions lie in the economic theory of consumer behavior. In this section, we 
describe the theoretical underpinnings of cost indexes such as the CPI, using an 
example that describes the hypothetical price changes that students and their 
parents might face. 

Idea! Gost-of-Living index 

Let's look at two sisters, Rachel and Sarah, whose preferences are identical. 
When Sarah began her college education in 1990, her parents gave her a "discre- 
tionary" budget of $500 per quarter. Sarah could spend the money on food, 
which was available at a price of $2.00 per pound, and on books, which were 
available at a price of $20 each. Sarah bought 100 pounds of food (at a cost of 
§200) and 15 books (at a cost of $300). Ten years later, in 2000 when Rachel (who 
had worked during the interim) is about to start college, her parents promise her 
a budget that is equivalent in buying power to that of her older sister. 
Unfortunately, prices in the college town have increased, with food now S2.20 
per pound and books $100 each. By how much should the discretionary budget 
be increased to make Rachel as well off in 2000 as her sister Sarah was in 1990? 
Table 3.3 summarizes the relevant data and Figure 3.21 provides the answer. 

The initial budget constraint facing Sarah in 1990 is given by line f in Figure 
3.21; her utility-maximizing combination of food and books is at point A on 
indifference curve If. We can check that the cost of achieving this level of utility 
is $500, as stated in the table' 

$500 = 100 lbs. of food X S2.00/lb. + 15 books X $20/book 

As Figure 3.21 shows, for Rachel to achieve the same level of utility as Sarah 
while facing the new higher prices, she requires a budget sufficient to purchase 
the food-book consumption bundle given by point B on line l 2 (and tangent to 
indifference curve Lf), where she chooses 300 lbs. of food and 6 books. Note that 
in doing so, Rachel has taken into account the fact that the price of books has 
increased relative to food. Therefore she has substituted toward food and away 
from books. 

The cost to Rachel of attaining the same level of utility as Sarah is given by 
$1,260 = 300 lbs. of food X $2. 20/lb. + 6 books X $100/book 



cost-of-living index Ratio of 
the present cost of a typical 
bundle of consumer goods 
and services compared with 
the cost during a base period. 
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ideal cost-of-living index 
Cost of attaining a given level 
of utility at current prices rela- 
tive to the cost of attaining the 
same utility at base-year 
prices, 


Laspeyres price index 
Amount of money at current- 
year prices that an individual 
requires to purchase a bundle 
of goods and services chosen 
in a base year divided by the 
cost of purchasing the same 
bundle at base-year prices. 


Books 
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The Laspeyres price index, which represents tire cost of buying bundle A at current 
prices relative to the cost of bundle A at base-year prices, overstates the ideal cost-of- 
living index. 


The ideal cost-of-living adjustment for Rachel is therefore 5760 (which is 51,260 
minus the S500 that was given to Sarah). Tire ideal cost-of-living index is 

51,260/5500 = 2.52 

Like the CPI, our index needs a base year, which we will set at 1990 = 100, so 
that the value of the index in 2000 is 252. A value of 252 implies a 152 percent 
increase in the cost of living, whereas a value of 100 would imply that the cost of 
living has not changed This ideal cost-of-living index represents the cost of 
attaining a given level of utility at current (2000) prices relative to the cost of attaining 
the same utility at base (1990) prices 


Laspeyres Qmicle^ 

Unfortunately, such an ideal cost-of-living index would entail large amounts of 
information. We would need to know individual preferences (which '■’ary across 
the population) as well as prices and expenditures. Actual price indexes aie 
therefore based on consumer purchases, not preferences. A price index, such as 
the CPI, which uses a fixed consumption bundle in the base period, is called a 
Laspeyres price index. The Laspeyres price index answers the question: What is 
the amount of money at current year prices that an individual requires to purchase the 
bundle of goods and services that was chosen in the base year divided by the cost of pur- 
chasing the same bundle at base-year prices? 

Calculating a Laspeyres cost-of-living index for Rachel is a straightforward 
process. Buying 100 pounds of food and 15 books in 2000 would require an 
expenditure of 51,720 (100 X 52.20 + 15 X 5100). This expenditure allows 
Rachel to choose bundle A on budget line / 3 (or any other bundle on that line). 
Line l 3 was constructed by shifting line U outward until it intersected point A- 
Note that /- is the budget line that allows Rachel to purchase, at current 2000 
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rices the same consumption bundle that her sister purchased in 1990. To com- 
nensate Rachel for the increased cost of living, we must increase her discre- 
tionary budget by 51,220. Using 100 as the base in 1990, the Laspeyres index is 

therefore 

100 X 51,720/5500 = 344 


Comparing the i dear Jost-c:--_;ving ana Laspeyres indexes In 

our example, the Laspeyres price index is clearly much higher than the ideal 
price index. Does a Laspeyres index always overstate the true cost-of-living 
index? The answer is yes, as you can see from Figure 3.21. Suppose that Rachel 
was given the budget associated with line l 3 during the base year of 1990. She 
could choose bundle A, but clearly she could achieve a higher level of utility if 
she purchased more food and fewer books (by moving to the right on line Z 3 ). 
Because A and B generate equal utility, it follows that Rachel is better off receiv- 
ing a Laspeyres cost-of-living adjustment rather than an ideal adjustment. The 
Laspeyres index overcompensates Rachel for the higher cost of living, and the 
Laspeyres cost-of-living index is, therefore, greater than the ideal cost-of-living 
index. This result holds generally and applies to the CPI in particular. Why? 
Because the Laspeyres price index assumes that consumers do not alter their consump- 
tion patterns as prices change. By changing consumption, however — increasing 
purchases of items that have become relatively cheaper and decreasing pur- 
chases of relatively more expensive items — consumers can achieve the same 
level of utility without having to consume the same bundle of goods that they 
did before the price change. 

Economic theory shows us that the Laspeyres cost-of-living index overstates 
the amount needed to compensate individuals for price increases. With respect 
to Social Security and other government programs, this means that using the CPI 
to adjust retirement benefits will tend to overcompensate most recipients and will thus 
require greater government expenditure. This is why the U.S. government has 
changed the construction of the CPI, switching from a Laspeyres price index to a 
more complex price index that reflects changing consumption patterns. 


Paasefie Snider 


Paasche index Amount of 
money at current-year prices 
that an individual requires to 
purchase a current bundle of 
goods and services divided by 
the cost of purchasing the 
same bundle in a base year 


B Laspeyres index: Tire amount of money at current-year prices that an individ- 
ual requires to purchase the bundle of goods and services that was chosen in 
the base year divided by the cost of purchasing the same bundle at base-year 
prices. 


Another commonly used cost-of-living index is the Paasche index. Unlike the 
Laspeyres index, which focuses on the cost of buying a base-year bundle, the 
Paasche index focuses on the cost of buying the current year's bundle, hr particu- 
lar, the Paasche index answers another question: What is the amount of money at 
current year prices that an individual requires to purchase the current bundle of goods 
and services divided by the cost of purchasing the same bundle in the base year? 

Comparing the Laspeyres and Paasche Indexes It is helpful to com- 
pare the Laspeyres and the Paasche cost-of-living indexes. 
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fixed-weight index Cost-of- 
living index in which the 
quantities of goods and ser- 
vices remain unchanged. 


chain-weighted price index 

Cost-of-living index that 
accounts for changes in quan- 
tities of goods and services. 


11 Paasche index: The amount of money at current-year prices that an individ- 
ual requires to purchase the bundle of goods and services chosen in the current 
year divided by the cost of purchasing the same bundle in the base year. 

Both the Laspevres (LI) and Paasche (PI) indexes are fixed-weight indexes: 
The quantities of the various goods and services in each index remain 
unchanged. For the Laspevres index, however, the quantities remain unchanged 
at base-year levels; for the Paasche thev remain unchanged at current-year levels. 
Suppose generally that there are two goods, food (F) and clothing (C). Let: 

Pp and P a be current-year prices 
Pp, and P cb be base-year prices 
F, and C, be current-year quantities 
F f , and C ; , be base-year quantities 

We can write the two indexes as: 

= PffFj. + -PcjQ, 

Pfi.fi, + P C i,Q, 

= PpF s + PgC, 

Pfi,P( + Pci'Cf 

Just as the Laspevres index will overstate the ideal cost of living, the Paasche 
will understate it because it assumes that the individual will buy the current 
year bundle in the base period. In actuality, facing base year prices, consumers 
would have been able to achieve the same level of utility at a lower cost by 
changing their consumption bundles. Because the Paasche index is a ratio of the 
cost of buying the current bundle divided by the cost of buying a base-year bun- 
dle, overstating the cost of the base-year bundle (the denominator in the ratio) 
will cause the index itself to be overstated. 

To illustrate the Laspeyres-Paasche comparison, let's return to our earlier 
example and focus on Sarah's choices of books and food. For Sarah (who went 
to college in 1990), the cost of buying the base-year bundle of books and food 
at current-year prices is SI, 720 (100 lbs. X 52.120/ lb. + 15 books X 5100/book). 
The cost of buying the same bundle at base-year prices is 5500 (100 lbs X 52/lb. + 
15 books X S20/book). The Laspevres price index, LI, is therefore 
100 x $1,720/5500 = 344, as reported previously. Likewise, the cost of buying 
the current-year bundle at current-year prices is SI, 260 (300 lbs. X 52.20/lb. ■+■ 
6 books x SlOO/book). The cost of buying the same bundle at base-year prices is 
S720 (300 lbs X S2/lb. + 6 books X S20/book). Consequently, the Paasche price 
index, PI, is 100 X Sl,260/S720 = 175. As expected, the Paasche index is lower 
than the Laspevres index. 


Chaco-Weighted indexes 

Neither the Laspevres nor the Paasche index provides a perfect cost-of-living 
index, and the informational needs for the ideal index are too great. What is tire 
best solution in practice? The U.S. government's most recent answer to this diffi- 
cult question came in 1995, when it adopted the use of a chain-weighted price 
index to deflate its measure of gross domestic product (GDP) and thereby obtain 
an estimate of real GDP. Chain weighting was introduced to overcome problems 
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that arose when long-term comparisons of real GDP were made using fixed- 
weight price indexes (such as Paasche and Laspevres) and prices were rapidly 
changing. 

Economists have known for years that Laspevres cost-of-living indexes over- 
state inflation. Fiowever, it was not until the energy price shocks of the 1970s, 
the more recent fluctuations in food prices, and the concern surrounding 
federal deficits that dissatisfaction with the Laspevres index grew. It has 
been estimated, for example, that a failure to account for changes in computer- 
buying patterns in response to sharp decreases in computer prices has ha recent 
years caused the CPI to overstate the cost of living substantially. As a result, 
the U.S. Bureau of Labor Statistics has been working to make improvements to 
the CPI. 11 




I n recent years, there has been growing public concern about the solvency of 
the Social Security system. At issue is the fact that retirement benefits are 
linked to the Consumer Price Index. Because the CPI is a Laspeyres index and 
can thus overstate the cost of living substantially, Congress has asked several 
economists to look into the matter. 

A commission chaired by Stanford University professor Michael Boskin 
concluded that the CPI overstated inflation by approximately 1.1 percentage 
points — a significant amount given the relatively low rate of inflation in the 
United States in recent years. 12 According to the commission, approximately 0.4 
percentage points of the 1.1-percentage-point bias was due to the failure of the 
Laspeyres price index to account for changes in the mix of consumption of the 
products in the base-year bundle. Tire remainder of the bias was due to the fail- 
rue of the index to account for the growth of discount stores (approximately 0.1 
percentage points), for improvements in the quality of existing products, and, 
most significantly, for the introduction of new products (0.6 percentage points). 

If the bias in the CPI were to be eliminated, in whole or in part, the cost of a 
number of federal programs would decrease substantially (as would, of course, 
the corresponding benefits to eligible recipients in the programs), hr addition to 
Social Security, affected programs include federal retirement programs (for rail- 
road employees and military veterans), Supplemental Security Income (income 
support for the poor), food stamps, and child nutrition. According to one study, 
a 1-percentage-point reduction in the CPI would increase national savings and 
thereby reduce the national debt by approximately' $95 billion per y'ear in year 
2000 dollars. 1 ’’ 


Planned changes to the CPI are described by the Bureau of Labor Statistics in "Consumer Price 
Indexes: Overview of the 199S revision of the Consumer Price Index," (at http:rystats.bls.gov/mir/) 
and in the Federal Reserve Bank of San Francisco Economic Letter No. 99-05 of February 5, 1999 (at 

Michael J. Boskin, Ellen R. Dulberger, Robert I . Gordon, Zvi Griliches, and Dale W. Jorgenson, "The 
CPI Commission: Findings and Recommendations," American Economic Revie zr 87, No. 2 (Mav 1997): 
78-93. 

Michael F Bryan and Jagadeesh Gokhale, "The Consumer Price Index and National Savings," 

Economic Commentary (October 15, 1995) at hi':p://u wtv.dev.frb.org/: es earth 1 The data have been 
adjusted upward using the GDP deflator. 
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The effect of any CPI adjustments will not be restricted to the expenditure 
side of the federal budget. Because personal income tax brackets are inflation- 
adjusted, a CPI adjustment decreasing the rate of measured price increase 
would necessitate a smaller upper adjustment in tax brackets and, conse- 
quently, would increase federal tax revenues. 


IMARY 


1. Tire theory of consumer choice rests on the assumption 
that people behave rationally in an attempt to maxi- 
mize the satisfaction that they can obtain by purchas- 
ing a particular combination of goods and services 

2. Consumer choice has two related parts: the study of 
the consumer's preferences and the analysis of the 
budget line that constrains the choices that a person 
can make. 

3. Consumers make choices by comparing market 
baskets or bundles of commodities. Preferences are 
assumed to be complete (they can compare all possi- 
ble market baskets) and transitive (if they prefer bas- 
ket A to B, and B to C, then they prefer A to C) In 
addition, economists assume that more of each good 
is always preferred to less. 

4. Indifference curves, which represent all combinations 
of goods and services that give the same level of satis- 
faction, are downward-sloping and cannot intersect 
one another. 

5. Consumer preferences can be completely described 
by a set of indifference curves known as an indiffer- 
ence map. An indifference map provides an ordinal 
ranking of all choices that the consumer might make. 

6. The marginal rate of substitution (MRS) of F for C is 
the maximum amount of C that a person is willing to 
give up to obtain 1 additional unit of F. The MRS 
diminishes as we move down along an indifference 
curve. When there is a diminishing MRS, preferences 
are convex. 

7. Budget lilies represent all combinations of goods for 
which consumers expend all their income Budget 
lines shift outward in response to an increase in con- 
sumer income. When the price of one good (on the 
horizontal axis) changes while income and the price 
of the other good do not, budget lines pivot and rotate 
about a fixed point (on the vertical axis). 

8. Consumers maximize satisfaction subject to budget 
constraints. When a consumer maximizes satisfaction 
by consuming some of each of two goods, the mar- 
ginal rate of substitution is equal to the ratio of the 
prices of the two goods being purchased. 


Maximization is sometimes achieved at a corner solu- 
tion in which one good is not consumed. In such 
cases, the marginal rate of substitution need not equal 
the ratio of the prices. 

The theory of revealed preference shows how the 
choices that individuals make when prices and income 
vary can be used to determine their preferences. When 
an individual chooses basket A even though she could 
afford B, we know that A is preferred to B. 

The theory of the consumer can be presented by 
two different approaches. The indifference curve 
approach uses the ordinal properties of utility (that is, 
it allows for the ranking of alternatives) The utility 
function approach obtains a utility function by attach- 
ing a number to each market basket; if basket A is pre- 
ferred to basket B, A generates more utility than B. 
When risky choices are analyzed or when comparisons 
must be made among individuals, the cardinal proper- 
ties of the utility function can be important. Usually the 
utility function will show diminishing marginal utility: 
As more and more of a good is consumed, the con- 
sumer obtains smaller and smaller increments of utility. 
When the utility function approach is used and both 
goods are consumed, utility maximization occurs 
when the ratio of the marginal utilities of the two 
goods (which is the marginal rate of substitution) is 
equal to the ratio of the prices. 

An ideal cost-of-living index measures the cost of 
buying, at current prices, a bundle of goods that gen- 
erates the same level of utility as was provided by the 
bundle of goods consumed at base-year prices. The 
Laspevres price index, however, represents the cost of 
buying the bundle of goods chosen in the base year at 
current prices relative to the cost of buying the same 
bundle at base-year prices. The CPI, like all Laspeyres 
price indexes, overstates the ideal cost-of-living 
index. By contrast, the Paasche index measures the 
cost at current-year prices of buying a bundle of 
goods chosen in the current year divided by the cost 
of buying the same bundle at base-year prices. It thus 
understates the ideal cost-of-living index. 
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1. What does transitivity of preferences mean? 

2. Suppose that a set of indifference curves was not neg- 
atively sloped. What could you say about the desir- 
ability of the two goods? 

3 . Explain why two indifference curves cannot intersect. 

4. Draw a set of indifference curves for which the mar- 
ginal rate of substitution (MRS) is constant. Draw two 
budget lines with different slopes; show what the sat- 
isfaction-maximizing choice will be in each case. 
What conclusions can you draw? 

5. Explain why a MRS between two goods must equal 
the ratio of the price of the goods for the consumer to 
achieve maximum satisfaction. 

6. Explain why consumers are likely to be worse off 
when a product that they consume is rationed, 

7. Upon merging with the West German economy. 
East German consumers indicated a preference for 


I 


Mercedes-Benz automobiles over Volkswagens. 
However, when they converted their savings into 
deutsche marks, they flocked to Volkswagen dealer- 
ships. How can you explain this apparent paradox? 
Describe the equal marginal principle. Explain why this 
principle may not hold if increasing marginal utility is 
associated with the consumption of one or both goods. 
What is the difference between ordinal utility and car- 
dinal utility? Explain why the assumption of cardinal 
utility is not needed in order to rank consumer 
choices. 

The price of computers has fallen substantially over 
the past two decades Use this drop in price to explain 
why the Consumer Price Index is likely to overstate 
substantially the cost-of-living index for individuals 


who use computers intensively. 
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1. In this chapter, consumer preferences for various 
commodities did not change during the analysis. Yet 
in some situations, preferences do change as con- 
sumption occurs. Discuss why and how preferences 
might change over time with consumption of these 
two commodities: 

a. cigarettes 

b. dinner for the first time at a restaurant with a spe- 
cial cuisine. 

2. Draw the indifference curves for the following indi- 
viduals' preferences for two goods: hamburgers and 
beer. 

a. A1 likes beer but can live without hamburgers He 
always prefers more beer no matter how many 
hamburgers he has. 

b. Betty is indifferent between bundles of either three 
beers or two hamburgers. Her preferences do not 
change as she consumes any more of either food. 

c. Chris eats one hamburger and washes it down with 
one beer. He will not consume an additional unit of 
one item without an additional unit of the other. 

d. Doreen loves beer but is allergic to beef. Every time 
she eats a hamburger she breaks out in hives. 

3. The price of tapes is 510 and the price of CDs is S15. 
Philip has a budget of 5100 and has already pur- 
chased 3 tapes. He thus has S70 more to spend on 
additional tapes and CDs. Draw his budget line. If his 
remaining expenditure is made on 1 tape and 4 CDs, 
show Philip's consumption choice on the budget line. 


Debra usually buys a soft drink when she goes to a 
movie theater, where she has a choice of three sizes 
The 8-ounce drink costs $1.50, the 12-ounce drink, 
$2.00, and the 16-ounce drink, $2.25 Describe the 
budget constraint that Debra faces when deciding 
how many ounces of the drink to purchase. (Assume 
Debra can costlessly dispose of any of the soft drink 
that she does not want.) 

Suppose Bill views butter and margarine as perfectly 
substitutable for each other. 

a. Draw a set of indifference curves that describes 
Bill's preferences for butter and margarine. 

b. Are these indifference curves convex? Why? 

c. If butter costs $2 per package and margarine only 
$1, and if Bill has a $20 budget to spend for the 
month, which butter-margarine market basket 
will he choose? Can vou show your answer 
graphically? 

Suppose Jones and Smith have decided to allocate 
SI, 000 per year to liquid refreshment in the form of 
alcoholic or nonalcoholic drinks. Jones and Smith differ 
substantially in their preferences for these two forms of 
refreshment Jones prefers alcoholic to nonalcoholic 
drinks, while Smith prefers the nonalcoholic option 

a. Draw a set of indifference curves for Jones and a 
second set for Smith. 

b. Using the concept of marginal rate of substitution, 
explain why the two sets of curves are different 
from each other. 




100 Part 2 Producers, Consumers, and Competitive Markets 

c. If both Smith and Jones pay the same prices for 
their refreshments, will their marginal rates of sub- 
stitution of alcoholic for nonalcoholic drinks be the 
same or different? Explain. 

7. Consumers in Georgia pay twice as much for avoca- 
dos as they do for peaches. However, avocados and 
peaches are equally priced in California. If consumers 
in both states maximize utility, will the marginal rates 
of substitution of peaches for avocados be the same for 
consumers in both states? If not, which will be higher? 

8. Anne is a frequent flyer whose fares are reduced 
(through coupon giveaways) by 25 percent after she 
flies 25,000 miles a year and then by 50 percent after 
she flies 50,000 miles. Can you graph the budget line 
that Anne faces in making her flight plans for the year? 

9. Antonio buys 8 new college textbooks during his first 
year at school at a cost of $50 each. Used books cost 
only $30 each. When the bookstore announces that 
there will be a 20-percent price increase in new texts 
and a 10-percent increase in used texts for the coming 
year, Antonio's father offers him S80 extra. Is Antonio 
better off or worse off after the price change? 

10. Suppose that Samantha and Jason both spend S24 per 
week on video and movie entertainment. When the 
prices of videos and movies are both S4, they each 
rent 3 videos and buy 3 movie tickets. Following a 
video price war and an increase in the cost of movie 
tickets, the price of videos falls to 52 while the price 
of movie tickets increases to S6. Samantha now rents 
6 videos and buys 2 movie tickets; Jason, however, 
buys 1 movie ticket and rents 9 videos. 

a. Is Samantha better off or worse off after the price 
change? 

b. Is Jason better off or worse off? 

11. Connie allocates $200 of her monthly food budget 
between two goods: meat and potatoes. 

a. Suppose meat costs $4 per pound and potatoes $2 
per pound. Draw Connie's budget constraint. 

b. Suppose also that her utility function is given bv 
the equation u(M,P) = 2 M + P. What combina- 
tion of meat and potatoes should she buy to maxi- 


12 . 


13. 
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mize her utility? (Hint: Meat and potatoes are 
perfect substitutes.) 

c. Connie's supermarket is running a special promo- 
tion: If she buys 20 pounds of potatoes (at S2 per 
pound), she gets the next 10 pounds for free This 
offer applies only to the first 20 pounds she buvs. 
All potatoes in excess of the first 20 pounds 
(excluding bonus potatoes) are still S2 per pound. 
Draw her budget constraint 

d. When an outbreak of potato rot raises the price of 
potatoes to S4 per pound, the supermarket ends its 
promotion. What does Connie's budget constraint 
look like now? What combination of meat and 
potatoes will maximize her utility? 

The utility that Jane receives by consuming food F 
and clothing C is given bv n(F,C) = FC. 

a. Draw the indifference curve associated with a util- 
ity level of 12 and the indifference curve associated 
with a utility level of 24. Are the indifference 
curves convex? 

b. Suppose that food costs $1 a unit and clothing S3 a 
unit. Jane has $12 to spend on food and clothing. 
Graph the budget line that she faces. 

c. What is the utility-maximizing choice of food and 
clothing? (Hint: Solve the problem graphically.) 

d. What is the marginal rate of substitution of food 
for clothing when utility is maximized? 

e. Suppose that Jane bur's 3 units of food and 3 units 
of clothing with her $12 budget. Would her mar- 
ginal rate of substitution of food for clothing be 
greater or less than 1/3? Explain. 

The utility that Meredith receives by consuming food 
F and clothing C is given by u(F,C) = FC. Suppose 
that her income in 1990 is $1,200 and that the prices of 
food and clothing are $1 per unit of each. By the year 
2000, however, the price of food has increased to S2 
and clothing to $3. Let 100 represent the cost-of-living 
index for 1990 Calculate both the ideal and the 
Laspeyres cost-of-living index for Meredith for 2000. 
(Hint: Meredith will spend equal amounts on food 
and clothing.) 
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' hapter 3 laid the foundation for the theory of consumer 
demand. We discussed the nature of consumers' prefer- 
ences and saw how, given budget constraints, consumers 
choose market baskets that maximize utility. From here it's a 
short step to analyzing demand itself and showing how the 
demand for a good depends on its price, the prices of other 
goods, and income. 

Our analysis of demand proceeds in six steps: 

1. We begin by deriving the demand curve for an individual 
consumer. Because we know how changes in price and 
income affect a person's budget line, we can determine 
how they affect consumption choice. We will use this 
information to see how the quantity of a good demanded 
varies in response to price changes as we move along an 
individual's demand curve. We will also see how this 
demand curve shifts in response to changes in the individ- 
ual's income. 

2. With this foundation, we will examine the effect of a price 
change in more detail. When the price of a good goes up, 
individual demand for it can change in two ways. First, 
because it has now become more expensive relative to 
other goods, consumers will buy less of it and more of 
other goods. Second, the higher price reduces the con- 
sumer's purchasing power. This reduction is just like a 
reduction in income and will lead to a reduction in the 
consumer's demand. By analyzing these two distinct effects, 
we will better understand the characteristics of demand, 

3. Next, we will see how individual demand curves can be 
aggregated to determine the market demand curve. We 
will also study the characteristics of market demand and 
see why the demands for some kinds of goods differ con- 
siderably from the demands for others. 

4. We will go on to show how market demand curves can be 
used to measure the benefits that people receive when 
they consume products, above and beyond the expendi- 
tures they make. This information will be especially 
important later, when w'e study the effects of government 
intervention in a market. 

5. We then describe the effects of network externalities — i.e., 
what happens when a person's demand for a good also 
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In §3.3, we explain how con- 
sumers choose the market 
basket on the highest indiffer- 
ence curve that touches the 
consumer's budget line. 


In §3.2, we explain how the 
budget line shifts in response 
to a price change. 


price-consumption curve 
Curve tracing the utility- 
maximizing combinations of 
two goods as the price of one 
changes. 


depends on the demands of other people. These effects play a crucial role in 
the demands for many high-tech products, such as computer hardware and 
software, and telecommunications systems. 

6. Finally, we will briefly describe some of the methods that economists use to 
obtain empirical information about demand. 


Individual 



This section shows how the demand curve of an individual consumer follows 
from the consumption choices that a person makes when faced with a budget 
constraint. To illustrate these concepts graphically, we will limit the available 
goods to food and clothing and will relv on the utility-maximization approach 
described in Section 3.3. 

Price Changes 

We begin by examining ways in which the consumption of food and clothing 
changes when the price of food changes. Figure 4.1 shows the consumption 
choices that a person will make when allocating a fixed amount of income 
between the two goods. 

Initially, the price of food is SI, the price of clothing S2, and the consumer's 
income S20. The utility-maximizing consumption choice is at point B in Figure 
4.1(a). Here, the consumer buys 12 units of food and 4 units of clothing, thus 
achieving the level of utility associated with indifference curve ll 2 . 

Now look at Figure 4.1(b), which shows the relationship between the price of 
food and the quantity demanded. The horizontal axis measures the quantity' of 
food consumed, as in Figure 4.1(a), but the vertical axis now measures the price 
of food. Point G in Figure 4.1(b) corresponds to point B in Figure 4.1(a). At G, the 
price of food is SI, and the consumer purchases 12 units of food. 

Suppose the price of food increases to S2. As we saw in Chapter 3, the budget 
line in Figure 4.1(a) rotates inward about the vertical intercept, becoming twice 
as steep as before. The higher relative price of food has increased the magnitude 
of the slope of the budget line. The consumer now achieves maximum utility at 
A, which is found on a lower indifference curve, U v (Because the price of food 
has risen, the consumer's purchasing power — and thus attainable utility — has 
fallen.) At A, the consumer chooses 4 units of food and 6 units of clothing. In 
Figure 4.1(b), this modified consumption choice is at E, which shows that at a 
price of S2, 4 units of food are demanded. 

Finally, what will happen if the price of food decreases to 50 cents? Because the 
budget line now rotates outward, the consumer can achieve the higher level of 
utility associated with indifference curve U 3 in Figure 4.1(a) by' selecting D, with 
20 units of food and 5 units of clothing. Point H in Figure 4.1(b) shows the price 
of 50 cents and the quantity demanded of 20 units of food. 


?wrve 


We can go on to include all possible changes in the price of food. In Figure 4 1(a), 
the price-consumption curve traces the utility-maximizing combinations of 
food and clothing associated with every possible price of food. Note that as the 
price of food falls, attainable utility increases and the consumer buys more food. 
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A reduction in the price of food, with income and the price of clothing fixed, causes 
this consumer to choose a different market basket. In (a), the baskets that maximize 
utility- for various prices of food (point A, $2; B, $1; D, $0.50) trace out the price- 
consumption curve. Part (b) gives the demand curve, which relates the price of 
food to the quantity demanded. (Points E, G, and H correspond to points A, B, and 
D, respectively'.) 


This pattern of increasing consumption of a good in response to a decrease in 
price almost always holds. But what happens to the consumption of clothing as 
the price of food falls? As Figure 4.1(a) shows, the consumption of clothing may 
either increase or decrease. Both food and clothing consumption can increase 
because the decrease in the price of food has increased the consumer 's ability to 
purchase both goods. 

An individual demand curve relates the quantity of a good that a single con- 
sumer will buy to the price of that good. In Figure 4.1(b), the individual demand 
curve relates the quantity of food that the consumer will buy to the price of food. 
This demand curve has two important properties. 


individual demand curve 
Curve relating the quantity of 
a good that a single consumer 
will buy to its price. 
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In §3.1, we introduce the mar- 
ginal rate of substitution as a 
measure of the maximum 
amount of one good that the 
consumer is willing to give 
up in order to obtain one unit 
of another good. 


1. The level of utility that can be attained changes as we move along the curve. 
The lower the price of the product, the higher its level of utility. Note from 
Figure 4.1(a) that a higher indifference curve is reached as the price falls. 
Again, this result simply reflects the fact that as the price of a product falls, 
the consumer's purchasing power increases. 

2. At every point on the demand curve, the consumer is maximizing utility by 
satisfying the condition that the marginal rate of substitution (MRS) of 
food for clothing equals the ratio of the prices of food and clothing. As the 
price of food falls, the price ratio and the MRS also fall. In Figure 4.1, the 
price ratio falls from 1 ($2/32) at E (because the curve If is tangent to a 
budget line with a slope of - 1 at A) to 1/2 ($l/$2) at G, to 1/4 ($0.50/32) at H. 
Because the consumer is maximizing utility, the MRS of food for clothing 
decreases as we move down the demand curve. This phenomenon makes 
intuitive sense because it tells us that the relative value of food falls as the 
consumer buys more of it. 

The fact that the MRS varies along the individual's demand curve tells us some- 
thing about how consumers value the consumption of a good or service. Suppose 
we were to ask a consumer how much she would be willing to pay for an additional 
unit of food when she is currently consuming 4 units. Point E on the demand curve 
in Figure 4.1(b) provides the answer: S2. Wiry? As we pointed out above, because 
the MRS of food for clotlring is 1 at E, one additional emit of food is worth one addi- 
tional unit of clotlring. But a unit of clothing costs $2, which is, therefore, the value 
(or marginal benefit) obtained by consuming an additional unit of food. Thus, as we 
move down the demand curve in Figure 4.1(b), the MRS falls. Likewise, the value 
that the consumer places on an additional unit of food falls from 32 to $1 to $0.50. 

0 income Changes 

We have seen what happens to the consumption of food and clothing when the 
price of food changes. Now let's see what happens when income changes. 

The effects of a change in income can be analyzed in much the same way as a 
price change. Figure 4.2(a) shows the consumption choices that a consumer will 
make when allocating a fixed income to food and clothing when the price of 
food is $1 and the price of clothing $2. As in Figure 4.1(a), the quantity of cloth- 
ing is measured on the vertical axis and the quantity of food on the horizontal 
axis. Income changes appear as changes in the budget line. Initially, the con- 
sumer's income is $10. The utility-maximizing consumption choice is then at A, 
at which she buys 4 units of food and 3 units of clothing. 

This choice of 4 units of food is also shown hr Figure 4.2(b) as E on demand 
curve Dj. Demand curve D t is the curve that would be traced out if we held 
income fixed at $10 but varied the price of food. Because we are holding the price of 
food constant, we will observe only a single point E on this demand curve. 

What happens if the consumer's income is increased to $20? Her budget line 
then shifts outward parallel to the original budget lure, allowing her to attain the 
utility level associated with indifference curve U 2 - Her optimal consumption 
choice is now at B, where she buys 10 units of food and 5 units of clothing. In 
Figure 4.2(b) her consumption of food is shown as G on demand curve D 2 . D 2 is 
the demand curve that would be traced out if we held income fixed at $20 but 
varied the price of food. Finally, note that if her income increases to $30, she 
chooses D, with a market basket containing 16 units of food (and 7 units of cloth- 
ing), represented by H in Figure 4.2(b). 





4 10 16 Food (units 

(b) per month) 



An increase in income, with the prices of all goods fixed, causes consumers to alter 
their choices of market basket. In part (a), the baskets that maximize consumer satis- 
faction for various incomes (point A, $10; B, $20; D, $30) trace out the income- 
consumption curve. The shift to the right of the demand curve in response to the 
increases in income is shown in pari (b). (Points E, G, and H correspond to points A, 
B, and D, respectively.) 


We could go on to include all possible changes in income. In Figure 4.2(a), the 
income-consumption curve traces out the utility-maximizing combinations of 
food and clothing associated with every income level. Tire income-consumption 
curve in Figure 4.2 slopes upward because the consumption of both food and 
clothing increases as income increases. Previously, we saw that a change in the 
price of a good corresponds to a movement along a demand curve. Here, the situa- 
tion is different. Because each demaird curve is measured for a particular level of 
income, any change in income must lead to a shift in the demand curve itself Thus 
A on the income-consumption curve in Figure 4.2(a) corresponds to E on 
demand curve D 1 in Figure 4.2(b); B corresponds to G on a different demand 


income-consumption curve 
Carve tracing the utility- 
maximizing combinations of 
two goods as a consumer's 
income changes. 
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In §2.3, we explain that the 
income elasticity of demand 
is the percentage change in 
the quantity demanded 
resulting from a 1-percent 
increase in income. 


Engel curve Curve relating 
the quantity of a good con- 
sumed to income. 


curve D 2 . The upward-sloping income-consumption curve implies that an 
increase in income causes a shift to the right in the demand curve — in this case 
from D 1 to D 2 to D 3 . 

Norrnal versus Inferior Goods 

When the income-consumption curve has a positive slope, the quantity 
demanded increases with income. As a result, the income elasticity of demand is 
positive. The greater the shifts to the right of the demand curve, the larger the 
income elasticity. In this case, the goods are described as normal: Consumers 
want to buy more of them as their income increases. 

In some cases, the quantity demanded falls as income increases; the income 
elasticity of demand is negative. We then describe the good as inferior. The term 
inferior simply means that consumption falls when income rises. Hamburger, for 
example, is inferior for some people: As their income increases, they buy less 
hamburger and more steak. 

Figure 4.3 shows the income-consumption curve for an inferior good. For rel- 
atively low levels of income, both hamburger and steak are normal goods. As 
income rises, however, the income-consumption curve bends backward (from 
point B to C). This shift occurs because hamburger has become an inferior 
good — its consumption has fallen as income has increased. 

Engel Curves 

Income-consumption curves can be used to construct Engel curves, which relate 
the quantity of a good consumed to an individual's income. Figure 4.4 shows 




(units per month) 


FIGURE 4.3 An Inferior Good 


An increase in a person's income can lead to less consumption of one of the two 
goods being purchased. Here, hamburger, though a normal good between A and B, 
becomes an inferior good when the income-consumption curve bends backward 
between B and C. 
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Engel curves relate tire quantity of a good consumed to income. In (a), food is a nor- 
mal good and the Engel curve is upward sloping. In (b), however, hamburger is a 
normal good for income less than $20 per month and an inferior good for income 
greater than $20 per month. 


how such curves are constructed for two different goods. Figure 4.4(a), which 
shows an upward-sloping Engel curve, is derived directly from Figure 4.2(a). In 
both figures, as the individual's income increases from $10 to $20 to $30, her con- 
sumption of food increases from 4 to 10 to 16 units. Recall that in Figure 4.2(a) 
the vertical axis measured omits of clothing consumed per month and the hori- 
zontal axis units of food per month; changes in income were reflected as sliifts in 
the budget line. In Figures 4.4(a) and (b), we have replotted the data to put 
income on the vertical axis while keeping food and hamburger on the horizontal. 

The upward-sloping Engel curve in Figure 4.4(a) — like the upward-sloping 
income-consumption curve in Figure 4.2(a) — applies to all normal goods. Note 
that an Engel curve for clothing would have a similar shape (clothing consump- 
tion increases from 3 to 5 to 7 units as income increases). 
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Figure 4.4(b), derived from Figure 4.3, shows the Engel curve for hamburger. 
We see that hamburger consumption increases from 5 to 10 units as income 
increases from $10 to $20. As income increases further, from $20 to $30, con- 
sumption falls to 8 units. The portion of the Engel curve that slopes downward 
is the income range in which hamburger is an inferior good. 


i Consumer Expenditures in the United States! 
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Hiphe Engel curves we just examined apply to individual consumers. 

JL However, we can also derive Engel curves for groups of consumers. This 
information is particularly useful if we want to see how consumer spending 
varies among different income groups. Table 4.1 illustrates these spending pat- 
terns for several items taken from a survey by the U.S. Bureau of Labor 
Statistics. Although the data are averaged over many households, they can be 
interpreted as describing the expenditures of a typical family. 

Note that the data relate expenditures on a particular item rather than the 
quantity of the item to income. The first two items, entertainment and owned 
dwellings, are consumption goods for which the income elasticity of demand is 
high. Average family expenditures on entertainment increase almost eightfold 
when we move from the lowest to highest income group. The same pattern 
applies to the purchase of homes: There is a more than tenfold increase in 
expenditures from the lowest to the highest category. 

In contrast, expenditures on rental housing actually fall with income. This 
pattern reflects the fact that most higher-income individuals own rather than 
rent homes. Thus rental housing is an inferior good, at least for incomes above 
$30,000 per year. Finally, note that health care, food, and clothing are consump- 
tion items for which the income elasticities are positive, but not as high as for 
entertainment or owner-occupied housing. 

The data in Table 4.1 have been plotted in Figure 4.5 for rented dwellings, 
health care, and entertainment. Observe in the three Engel curves that as 


U.S. Household Consumer Expenditures 


INCOME GROUP (1997 S) 


EXPENDITURES 
($) ON: 

LESS THAN 
10,000 

10,000- 

19,000 

20,000- 

29,000 

30,000- 

39,000 

40,000- 

49,000 

50,000- 

69,000 

70,000 

AND ABOVE 

Entertainment 

700 

947 

1,274 

1,514 

2,054 

2,654 

4,300 

Owned dwellings 

1,116 

1,725 

2,253 

3,243 

4,454 

5,793 

9,898 

Rented dwellings 

1,957 

2,170 

2,371 

2,536 

2,137 

1,540 

1,266 

Health care 

1,031 

1,697 

1,918 

1,820 

2,052 

2,214 

2,642 

Food 

2,656 

3,385 

4,109 

4,888 

5,429 

6,220 

8,279 

Clothing 

859 

978 

1,363 

1,772 

1,778 

2,614 

3,442 


Source: U.S. Department of Labor, Bureau of Labor Statistics, "Consumer Expenditure Survey: 1997." 
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Average per-capita expenditures on rented dwellings, health care, and entertain- 
ment are plotted as functions of annual income. Health care and entertainment are 
superior goods: Expenditures increase with income. Rental housing, however, is an 
inferior good for incomes above $30,000. 


income rises, expenditures on entertainment increase rapidly while expendi- 
tures on rental housing increase when income is low, but decrease once income 
exceeds $30,000. 


Substitutes and Complements 

The demand curves that we graphed in Chapter 2 showed the relationship 
between the price of a good and the quantity demanded, with preferences, 
income, and the prices of all other goods held constant. For many goods, 
demand is related to the consumption and prices of other goods. Baseball bats 
and baseballs, hot dogs and mustard, and compute:' hardware and software are 
all examples of goods that tend to be used together. Other goods, such as cola 
and diet cola, owner-occupied houses and rental ap>artxnents, movie tickets and 
videocassette rentals, tend to substitute for one another. 

Recall from Section 2.4 that two goods are substitutes if an increase in the price 
of one leads to an increase in the quantity demanded of the other. If the price of a 
movie ticket rises, we would expect individuals to rent more videos, because 
movie tickets and videos are substitutes. Similarly, two goods are complements if an 
increase in the price of one good leads to a decrease in the quantity demanded of 
the other. If the price of gasoline goes up, causing gasoline consumption to fall, 
we would expect the consumption of motor oil to fall as well, because gasoline 
and motor oil are used together. Two goods are independent if a change in the 
price of one good has no effect on the quantity demanded of the other. 
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One way to see whether two goods are complements or substitutes is to 
examine the price-consumption curve. Look again at Figure 4.1. Note that in the 
downward-sloping portion of the price-consumption curve, food and clothing 
are substitutes: The lower price of food leads to a lower consumption of clothing 
(perhaps because as food expenditures increase, less income is available to 
spend on clothing). Similarly, food and clothing are complements in the 
upward-sloping portion of the curve: The lower price of food leads to higher 
clothing consumption (perhaps because the consumer eats more meals at restau- 
rants and must be suitably dressed). 

The fact that goods can be complements or substitutes suggests that when 
studying the effects of price changes in one market, it may be important to look 
at the consequences in related markets. (Interrelationships among markets are 
discussed in more detail in Chapter 16.) Determining whether two goods are 
complements, substitutes, or independent goods is ultimately an empirical ques- 
tion. To answer the question, we need to look at the ways in which the demand 
for the first good shifts (if at all) in response to a change in the price of the sec- 
ond. This question is more difficult than it sounds because lots of things are 
likely to be changing at the same time that the price of the first good changes. In 
fact, Section 6 of this chapter is devoted to examining ways to distinguish empir- 
ically among the many possible explanations for a change in the demand for the 
second good. First, however, it will be useful to undertake a basic theoretical 
exercise. In the next section, we delve into the ways in which a change in the 
price of a good can affect consumer demand. 



income aj 


Substitution Effects 


A fall in the price of a good has two effects: 

1. Consumers u nil tend to buy more of the good that has become cheaper and 
less of those goods that are nozv relatively more expensive. This response to 
the change in the relative prices of goods is called the substitution effect. 

2. Because one of the goods is noiu cheaper, consumers enjoy an increase in 
real purchasing power. They are better off because they can buy the same 
amount of the good for less money and thus have money left over for addi- 
tional purchases. The change in demand resulting from this change in real 
purchasing power is called the income effect. 

Normally, these two effects occur simultaneously, but it will be useful to distin- 
guish between them for purposes of analysis. The specifics are illustrated in 
Figure 4.6, where the initial budget line is RS and there are two goods, food and 
clothing. Here, the consumer maximizes utility by choosing the market basket at 
A, thereby obtaining the level of utility associated with the indifference curve L l v 
Now, let's see what happens if the price of food falls, causing the budget line to 
rotate outward to line RT. The consumer now chooses the market basket at B on 
indifference curve U z . Because market basket B was chosen even though market 
basket A was feasible, we know (from our discussion of revealed preference in 
Section 3.4) that B is preferred to A. Thus the reduction in the price of food 
allows the consumer to increase her level of satisfaction — her purchasing power 
has increased. The total change in the consumption of food caused by the lower 


In §3.4, we show how infor- 
mation about consumer pref- 
erences is revealed by con- 
sumption choices made. 



price is given by FjF 2 . Initially, the consumer purchased OF-, units of food, but 
after the price change, food consumption has increased to OF 2 . Line segment 
FjF : , therefore, represents the increase in desired food purchases. 

SuEostitutiora Effect 

The drop iri price has both a substitution effect and an income effect. The substi- substitution effect Change 
tution effect is the change in food consumption associated with a change in the price of in consumption of a good 
food, with the level of utility held constant. The substitution effect captures the associated with a change in its 

change in food consumption that occurs as a result of the price change that held constant, 
makes food relatively cheaper than clothing. This substitution is marked by a 
movement along an indifference curve. In Figure 4.6, the substitution effect can 
be obtained by drawing a budget line which is parallel to the new budget line RT 
(reflecting the lower relative price of food) but which is just tangent to the origi- 
nal indifference curve U 1 (holding the level of satisfaction constant). The new, 
lower imaginary budget line reflects the fact that nominal income was reduced 
in order to accomplish our conceptual goal of isolating the substitution effect. 

Given that budget line, the consumer chooses market basket D and consumes 
OE units of food. The line segment Fff thus represents the substitution effect. 

Figure 4.6 makes it clear that when the price of food declines, the substitution 
effect always leads to an increase in the quantity of food demanded. The expla- 
nation lies in our fourth assumption about consumer preferences in Section 
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3-1 — namely, that preferences are convex. Thus, with the convex indifference 
curves shown in the figure, the point that maximizes satisfaction on the new 
budget line RT must lie below and to the right of the original point of tangency. 



income effect Change in 
consumption of a good result- 
ing from an increase in pur- 
chasing power, with relative 
price held constant. 


Now consider the income effect: the change in food consumption brought about by 
the increase in purchasing power, with the price of food held constant. In Figure 4.6, the 
income effect can be seen by moving from the imaginary budget line that passes 
through point D to the original budget line, RT, that passes through B. The con- 
sumer chooses market basket B on indifference curve IF (because the lower 
price of food has increased her level of utility). The increase in food consump- 
tion from OE to OF 2 is the measure of the income effect, which is positive, 
because food is a normal good (consumers will buy more of it as their incomes 
increase). Because it reflects a movement from one indifference curve to another, 
the income effect measures the change in the consumer's purchasing power. 

We have seen that the total effect of a change in price is given theoretically by 
the sum of the substitution effect and the income effect: 


Total Effect (FjF,) = Substitution Effect (F^E) + Income Effect (EF 2 ) 
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FIGURE 4.7 Income and Substitution Effects: Inferior GSl 


The consumer is initially at A on budget line RS. With a decrease in tire price of food, 
the consumer moves to B. The resulting change in food purchased can be broken 
down into a substitution effect F t E (associated with a move from A to D) and an 
income effect EF 2 (associated with a move from D to B). In this case, food is an infe- 
rior good because the income effect is negative. However, because tire substitution 
effect exceeds the income effect, the decrease in the price of food leads to an increase 
in the quantity of food demanded. 
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Recall that the direction of the substitution effect is always the same: A decline in 
price leads to an increase in consumption of the good. However, the income 
effect can move demand in either direction, depending on whether the good is 
normal or inferior. 

/V o-ood is inferior when the income effect is negative: As income rises, con- 
sumption falls. Figure 4.7 shows income and substitution effects for an inferior 
aood. The negative income effect is measured by line segment EF 2 . Even with 
inferior goods, the income effect is rarely large enough to outweigh the substitu- 
tion effect. As a result, when the price of an inferior good falls, its consumption 
almost always increases. 


A Special Case: The Giffen G@©d 

Theoretically, the income effect may be large enough to cause the demand curve 
for a good to slope upward. We call such a good a Giffen good, and Figure 4.S 
shows its income and substitution effects. Initially, the consumer is at A, con- 
suming relatively little clothing and much food. Now the price of food declines. 
The decline in the price of food frees enough income so that the consumer 
desires to buv more clothing and fewer units of food, as illustrated by B. 
Revealed preference tells us that the consumer is better off at B rather than A 
even though less food is consumed. 

Though intriguing, the Giffen good is rarely of practical interest because it 
requires a large negative income effect. But the income effect is usually small: 
Individually, most goods account for only a small part of a consumer's budget. 
Large income effects are often associated with normal rather than inferior goods 
(e g., total spending on food or housing). 


Giffen good Good whose 
demand curve slopes upward 
because the (positive) income 
effect is larger than the (nega- 
tive) substitution effect. 
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FIGURE 4.8 Upward-Sloping Demand Curve: The Giffen Good 


When food is an inferior good, and when the income effect is large enough to domi- 
nate the substitution effect, the demand curve will be upward-sloping. The con- 
sumer is initially at point A but, after the price of food falls, moves to B and con- 
sumes less food. Because the income effect F 2 F 2 is larger than the substitution effect 
EF-i, tire decrease in the price of food leads to a lower quantity of food demanded. 
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I n P art to conserve energy and in part to raise revenues, the U.S. gov ernment 
“has often considered increasing the federal gasoline tax. In 1993, for example, 
a modest 7 1/2-cent increase was enacted as part of a larger budget-reform 
package. This increase was much less than the increase that would have been 
necessary to put U.S. gasoline prices on a par with those in Europe. Because an 
impoitant goal of higher gasoline taxes is to discourage gasoline consumption, 
the government has also considered ways of passing the resulting income back 
to consumers. One popular suggestion is a rebate program in which tax rev- 
enues would be returned to households on an equal per capita basis. What 
would be the effect of such a program? 

Let's begin bv focusing on the effect of the program over a period of five 
years. The relevant price elasticity of demand is about -0.5, 1 Suppose that a 
low-income consumer uses about 1200 gallons of gasoline per year, that gaso- 
line costs SI per gallon, and that our consumer's annual income is S9000. 

Figure 4.9 shows the effect of the gasoline tax. (The graph has intentionally 
been drawn not to scale so that the effects we are discussing can be seen more 
clearly.) The original budget line is AB, and the consumer maximizes utility (on 
indifference curve ll 2 ) by consuming the market basket at C, buying 1200 gallons 
of gasoline and spending S7800 on other goods. If the tax is 50 cents per gallon, 
price will increase by 50 percent, shifting the new budget line to AD. 2 (Recall 
that when price changes and income stays fixed, the budget line rotates around 
a pivotal point on the unchanged axis.) With a price elasticity of -0.5, con- 
sumption will decline 25 percent, from 1200 to 900 gallons, as shown by the 
utility-maximizing point E on indifference curve U 1 (for every 1-percent 
increase in the price of gasoline, quantity demanded drops bv 1/2 percent). 

The rebate program, however, partially counters this effect. Suppose 
that because the tax revenue per person is about S450 (900 gallons times 
50 cents per gallon), each consumer receives a S450 rebate. How does this 
inci eased income affect gasoline consumption? The effect can be shown 
graphically by shifting the budget line upward by $450, to line FJ, which 
is parallel to AD. How much gasoline does our consumer buy now? In 
Chapter 2, we saw that the income elasticity of demand for gasoline is ap- 
proximately 0.3. Because $450 represents a 5-percent increase in income 
($4o0/$9000 = 0.05), we would expect the rebate to increase consumption by 
1.5 percent (O.o times 5 percent) of 900 gallons, or 13.5 gallons. The new utility- 
maximizing consumption choice at H reflects this expectation. (We omitted the 
indifference curve that is tangent at H to simplify the diagram.) Despite the 
rebate program, the tax would reduce gasoline consumption by 286.5 gallons, 
from 1200 to 913.5. Because the income elasticity of demand for gasoline is rela- 
tively low, the income effect of the rebate program is dominated by the substi- 
tution effect, and the program with a rebate does indeed reduce consumption. 

In order to put a real tax-rebate program into effect, a variety of practical 
problems would need to be resolved. First, incoming tax receipts and rebate 


We saw in Chapter 2 that the price elasticity of demand for gasoline varied substantially from the 
short run to the long run, ranging from -011 in the short run to -1 17 in the long run. ' 

To simplify the example, we have assumed that the entire tax is paid bv consumers in the form of a 
higher price. A broader analysis of tax shifting is presented in Chapter 9 
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A gasoline tax is imposed when the consumer is initially buying 1200 gallons of 
gasoline at point C. After the tax takes effect, the budget line shifts from AB to AD 
and the consumer maximizes his preferences by choosing E, with a gasoline con- 
sumption of 900 gallons. However, when the proceeds of the tax are rebated to the 
consumer, his consumption increases somewhat, to 913.5 gallons at H. Despite the 
rebate program, the consumer's gasoline consumption has fallen, as has his level of 
satisfaction. 


expenditures would vary from year to year, making it difficult to plan the bud- 
geting process. For example, the tax rebate of $450 in the first year of the pro- 
gram is an increase in income. During the second year, it would lead to some 
increase in gasoline consumption among the low-income consumers that we 
are studying. With increased consumption, however, the tax paid and the 
rebate received by this individual will increase in the second year. As a result, it 
may be difficult to predict the size of the program budget. 

Figure 4.9 reveals that the gasoline tax program makes this particular low- 
income consumer slightly worse off because H lies just below indifference 
curve If 2 - Of course, some low-income consumers might actually benefit from 
the program (if, for example, they consume less gasoline on average than the 
group of consumers whose consumption determines the selected rebate). 
Nevertheless, the substitution effect caused by the tax will make consumers, on 
average, worse off. 

Why, then, introduce such a program? Those who support gasoline taxes 
argue that they promote national security (by reducing dependence on foreign 
oil) and encourage conservation, thus helping to slow global warming by 
reducing the buildup of carbon dioxide in the atmosphere. We will further 
examine the impact of a gasoline tax in Chapter 9. 
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market demand curve Curve 
relating the quantity of a good 
that all consumers in a market 
will buy to its price. 



So far, we have discussed the demand curve for an individual consumer. Now 
we turn to the market demand curve. Recall from Chapter 2 that the market 
demand curve shows how much of a good consumers overall are willing to buy 
as its price changes. In this section, we show how market demand curves can be 
derived as the sum of the individual demand curves of all consumers in a partic- 
ular market. 

From Individual f© Market Demnand 

To keep things simple, let's assume that only three consumers (A, B, and C) are 
in the market for coffee. Table 4.2 tabulates several points on each consumer's 
demand curve. The market demand, column (5), is found by' adding columns 
(2), (3), and (4) to determine the total quantity demanded at every price. When 
the price is S3, for example, the total quantity demanded is 2 + 6 +- 10, or 18. 

Figure 4.10 shows these same three consumers' demand curves for coffee 
(labeled D A , D B , and D c ). In the graph, the market demand curve is the horizontal 
summation of the demands of each consumer. We sum horizontally' to find the total 
amount that the three consumers will demand at any' given price. For example, 
when the price is $4, the quantity demanded by the market (11 units) is the sum 
of the quantity' demanded by' A (no units), by B (4 units), and by' C (7 units). 
Because all the individual demand curves slope downward, the market demand 
curve will also slope downward. However, the market demand curve need not 
be a straight line, even though each of the individual demand curves is. In 
Figure 4.10, for example, the market demand curve is kinked because one con- 
sumer makes no purchases at prices that the other consumers find inviting 
(those above S4). 

Two points should be noted as a result of this analysis: 

1. The market demand curve ivill shift to the right as more consumers enter the 
market. 

2. Factors that influence the demands of many consumers ivill also affect mar- 
ket demand. Suppose, for example, that most consumers in a particular mar- 
ket earn more income and, as a result, increase their demands for coffee. 
Because each consumer's demand curve shifts to the right, so will the mar- 
ket demand curve. 
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FIGURE 4.10 Summing to Obtain a Market Demand Curve 


The market demand curve is obtained by summing tire consumers' demand curves 
D _i, D b , and D c . At each price, the quantity of coffee demanded by the market is the 
sum of the quantity demanded by each consumer. At a price of $4, for example, the 
quantity' demanded by the market (11 units) is the sum of the quantity demanded by 
A (no units), B (4 units), and C (7 units). 


Tire aggregation of individual demands into market demands is not just a the- 
oretical exercise. It becomes important in practice when market demands are 
built up from the demands of different demographic groups or from consumers 
located in different areas. For example, we might obtain information about the 
demand for home computers by adding independently' obtained information 
about the demands of the following groups: 

B Households with children 
fa Households without children 
l Single individuals 

Or we might determine U.S. wheat demand by aggregating domestic demand 
(i.e., by U.S. consumers) and export demand (i.e., by foreign consumers), as we 
will see in Example 4.3. 


Recall from Section 2.3 that the price elasticity of demand measures the percent- 
age change in the quantity' demanded resulting from a 1-percent change in price. 
Denoting the quantity of a good bv Q and its price by' P, the price elasticity of 
demand is 


AQ/Q fP\f±Q 


Ep AP/P VqAaP 


In §2.3, we discuss how the 
price elasticity' of demand 
describes the responsiveness of 
consumer demands to changes 
in price. 


(Here, because A means "a change in" A Q/ Q is the percentage change in Q.) 
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inelastic Demand When demand is inelastic (i.e., E P is less than 1 in magni- 
tude), the quantity demanded is relatively unresponsive to changes in price. As 
a result, total expenditure on the product increases when the price increases. 
Suppose, for example, that a family currently uses 1000 gallons of gasoline a 
year when the price is SI per gallon; suppose also that our family's price elastic- 
ity of demand for gasoline is -0.5. If the price of gasoline increases to SI. 10 (a 
10-percent increase), the consumption of gasoline falls to 950 gallons (a 5-percent 
decrease). Total expenditure on gasoline, however, will increase from S1000 
(1000 gallons X SI per gallon) to $1045 (950 gallons X SI. 10 per gallon). 

hlastic Demand In contrast, when demand is elastic (E P is greater than 1 in 
magnitude), total expenditure on the product decreases as the price goes up. 
Suppose that a family buys 100 pounds of chicken per year, at a price of S2 per 
pound; the price elasticity of demand for chicken is — 1.5. If the price of chicken 
increases to S2.20 (a 10-percent increase), our family's consumption of chicken 
falls to 85 pounds a year (a 15-percent decrease). Total expenditure on chicken 
will also fall, from $200 (100 pounds X S2 per pound) to S187 (85 pounds X S2.20 
per pound). 



isoelastic demand curve 

Demand curve with a constant 
price elasticity. 

In §2.3, we show that when 
the demand curve is linear, 
demand becomes more elastic 
as the price of the product 
increases. 


isoelastic Demand When the price elasticity of demand is constant all along 
the demand curve, we say that the curve is isoelastic. Figure 4.11 shows an iso- 
elastic demand curve. Note how this demand curve is bowed inward. In con- 
trast, recall from Section 2.3 what happens to the price elasticity of demand as 
we move along a linear demand curve. Although the slope of the linear curve is 
constant, the price elasticity of demand is not. It is zero when the price is zero, 
and it increases in magnitude until it becomes infinite when the price is suffi- 
ciently high for the quantity demanded to become zero. 


Price of 
Movie 
Tickets 9 
(S) 


600 900 


Thousands of Movie Tickets 




When the price elasticity of demand is -1 .0 at every price, the total expenditure is 


constant along the demand curve D. 





A special case of this isoelastic curve is the unit-elastic demand curve: a demand 
curve with price elasticity always equal to -1, as is the case for the curve in 
Figure 4.11. In this case, total expenditure remains the same after a price change. 

A price increase, for instance, leads to a decrease in the quantity demanded that 
leaves the total expenditure on the good unchanged. Suppose, for example, that 
the total expenditure on first-run movies in Berkeley, California, is $5.4 million 
per year, regardless of the price of a movie ticket. For all points along the 
demand curve, the price times the quantity will be $5.4 million. If the price is $6, 
the quantity will be 900,000 tickets; if the price increases to $9, the quantity will 
drop to 600,000 tickets, as shown in Figure 4.11. 

Table 4.3 summarizes the relationship between elasticity and expenditure. It 
is useful to review this table from the perspective of the seller of the good rather 
than the buyer. (What the sellers perceive as total revenue, the consumers view 
as total expenditures.) When demand is inelastic, a price increase leads only to a 
small decrease in quantity demanded; thus, the seller's total revenue increases. 

But when demand is elastic, a price increase leads to a large decline in quantity 
demanded and total revenue falls. 

When calculating demand elasticities, we must be careful about the price change 
or quantity change in question. For a large price change (say, 20 percent), the 
value of the elasticity will depend on the precise point at which we measure the 
price and quantity along the demand curve. For this reason, it is useful to distin- 
guish between a point elasticity of demand and an arc elasticity of demand. 

Point elasticity of Demand The point elasticity of demand is defined as point elasticity of demand 

the price elasticity at a particular point on the demand curve. Note that this is the con- Pr ice elasticity at a particular 

cept of elasticity that we used throughout Chapter 2. It is calculated by substitut- point on the demand cun e - 

ing for AP/AQ in the elasticity formula the magnitude of the slope of the demand 

curve at that point. ( AP/AQ is the slope for small AP because price is measured on 

the vertical axis and quantity demanded on the horizontal axis.) As a result, 

equation (4.1) becomes 

Point elasticity: E P = (P/Q)(l/slope) (4.2) 

There are times when we want to calculate a price elasticity over some por- 
tion of the demand curve rather than at a single point. Suppose, for example, 
that we are contemplating an increase in the price of a product from $8 to $10 
and expect the quantity demanded to fall from 6 units to 4. How should we cal- 
culate the price elasticity of demand? Is the price increase 25 percent (a $2 
increase divided by the original price of $8), or is it 20 percent (a $2 increase 
divided by the new price of $10)? Is the percentage decrease in quantity 
demanded 33 1/3 percent (2/6) or 50 percent (2/4)? 
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There is no correct answer to such questions. We could calculate the price 
elasticity using the original price and quantity. If so, we would find that 
E P = (—33 1/3 percent/25 percent) = -1.33. Or we could use the new price 
and quantity, in which case we would find that E P = (—50 percent/ 
20 percent) = —2.5. The difference between these two calculated elasticities is 
large, and neither seems preferable to the other. 


arc elasticity of demand Price 
elasticity calculated over a 
range of prices. 


Arc Elasticity of Demand We can resolve this problem by using the arc 
elasticity of demand: the elasticity calculated over a range of prices. Rather than 
choose either the initial or the final price, we use an average of the two, P; for the 
quantity demanded, we use Q. Thus the arc elasticity of demand is given by 


Arc elasticity: E P - (AQ/AP)(P/Q) (4.3) 

In our example, the average price is $9 and the average quantity 5 units. Thus 
the arc elasticity is 

E P = (— 2/$2)($9/5) = -1.8 

The arc elasticity will always lie somewhere (but not necessarily halfway) 
between the point elasticities calculated at the lower and the higher prices. 

Although the arc elasticity of demand is sometimes useful, economists gener- 
ally use the word "elasticity" to refer to a point elasticity. Throughout the rest of 
this book, we will do the same, unless noted otherwise. 


EXAM P 


The Aggregate Demand for Wheat 



Tn Chapter 2 (Example 2.4), we explained that the demand for U.S. wheat has 
JLtwo components: domestic demand (by U.S. consumers) and export demand 
(by foreign consumers). Let's see how the total demand for wheat during 1998 
can be obtained by aggregating the domestic and foreign demands. 

Domestic demand for wheat is given by the equation 


Q dd = 1700 - 107P 

where Q DD is the number of bushels (in millions) demanded domestically; and 
P is the price in dollars per bushel. Export demand is given by 

Qde — 1544 — 176P 


where Q DE is the number of bushels (in millions) demanded from abroad. As 
shown in Figure 4.12, domestic demand, given by AB, is relatively price inelas- 
tic. (Statistical studies have shown that price elasticity of domestic demand is 
about -0.2.) However, export demand, given by CD, is more price elastic, with 
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The total world demand for wheat is the horizontal sum of the domestic demand AB 


For Wheat 


and the export demand CD. Even though each individual demand curve is linear, 
the market demand curve is kinked, reflecting the fact that there is no export 
demand when the price of wheat is greater than about $9 per bushel. 


an elasticity of -0.4. Export demand is more elastic than domestic demand 
because poorer countries that import U.S. wheat turn to other grains and food- 
stuffs if wheat prices rised 

To obtain the world demand for wheat, we set the left side of each demand 
equation equal to the quantity of wheat (the variable on the horizontal axis). 
We then add the right side of the equations, obtaining 

Qdd + Qde = (1700 - 107P) + (1544 - 176P) = 3244 - 283 P 

(Note that this is the same total demand equation for 1998 given in Example 
2.4.) This generates the line segment EF in Figure 4.12. 


For a survey of statistical studies of demand and supply elasticities and an analysis of the U.S. 
P eat market, see Larry Salathe and Sudchada Langley, "An Empirical Analysis of Alternative 
tx P° rt: Subsidy Programs for U.S Wheat," Agricultural Economics Research 38, No. 1 (Winter 1986). 
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At all prices above point C, however, there is no export demand, so that 
world demand and domestic demand are identical. As a result, for all prices 
above C, world demand is given by line segment AE. (If we were to add Q DE for 
prices above C, we would be incorrectly adding a negative export demand to a 
positive domestic demand.) As the figure shows, the resulting total demand for 
wheat, given by AEF, is kinked. The kink occurs at point E, the price level 
above which there is no export demand. 



S everal years ago, the U.S. Department of Housing and Urban Development 
began an experimental program of housing subsidies, a program aimed at 
easing the housing burdens of the poor. The subsidies typically involved sup- 
plements based solely on income but could alternatively have been designed as 
a percentage of housing expenditures, hi order to determine the effects of such 
a program on various demographic groups, we need information about the 
price and income elasticities of demand for housing. 

A family's demand for housing depends on the age and status of the house- 
hold making the purchasing decision. One approach to housing demand is to 
relate the number of rooms per house for each household (the quantity 
demanded) both to an estimate of the price of an additional room in a house 
and to the household's familv income. 4 (Prices of rooms vary because of differ- 
ences in construction costs.) Table 4.4 lists some of the price and income elastic- 
ities for different demographic groups. 

In general, the elasticities show that the size of houses that consumers 
demand (as measured by the number of rooms) is relatively insensitive to dif- 
ferences in either income or price. However, differences do appear among sub- 
groups of the population. For example, families -with young household heads 
have a price elasticity of -0.22, which is substantially greater than those with 



GROUP 

PRICE ELASTICITY 

INCOME ELASTICITY 

Single individuals 

-0.14 

0.19 

Married, head of household age less 
than 30, 1 child 

-0.22 

0.07 

Married, head age 30-39, 2 or more 
children 

0 

0.11 

Married, head age 50 or older, 

1 child 

-0.08 

0.18 


4 See Mahlon Strazheim, An Econometric Analysis of the Urban Housing Market (New York: National 
Bureau of Economic Research, 1975), ch. 4. 


older household heads. Presumably, families buying houses are more price sen- 
sitive when parents and their children are younger and parents may be plan- 
ning for more children. Among married households, the income elasticity of 
demand for rooms also increases with age— a fact which tells us that older 
households buy larger houses than younger households. 

Price and income elasticities of demand for housing also depend on where 
people live.-" Demand in central cities is much more price elastic than in sub- 
urbs. Income elasticities, however, increase as one mor es farther from the cen- 
tral city. Thus poorer (on average) central-city residents (who live where the 
price of land is relatively high) are more price sensitive in their housing choices 
than their wealthier suburban counterparts. 


4.4 Consumer Surplus 

Consumers buy goods because the purchase makes them better off. Consumer 
surplus measures how much better off individuals are, in the aggregate, because 
they can buy goods in the market. Because different consumers place different 
values on the consumption of particular goods, the maximum amount they are 
willing to pay for those goods also differs. Consumer surplus is the difference 
between the maximum amount that a consumer is willing to pay for a good and the 
amount that the consumer actually pays. Suppose, for example, that a student 
would have been willing to pay SI 3 for a rock concert ticket even though she 
had to pay only S12. The $1 difference is her consumer surplus. 6 When we add 
the consumer suipluses of all consumers who buy a good, we obtain a measure 
of the aggregate consumer surplus. 

Consul truer Surplus and Demand! 

Consumer surplus can be calculated easily if we know the demand curve. To see 
the relationship between demand and consumer surplus, let's examine the indi- 
vidual demand cune for concert tickets shown in Figure 4.13. (Although the fol- 
lowing discussion applies to an individual demand curve, a similar argument 
also applies to a market demand curve.) Drawing the demand curve as a stair- 
case rather than a straight line shows us how to measure the value that our con- 
sumer obtains from buying different numbers of tickets. 

When deciding how many tickets to buy, our student might reason as follows: 
The first ticket costs $14 but is worth $20. This $20 valuation is obtained by using 
the demand curve to find the maximum amount that she will pay for each addi- 
tional ticket ($20 being the maximum that she will pay for th e first ticket). The 
first ticket is worth purchasing because it generates $6 of surplus value above 
and beyond its cost. The second ticket is also worth buying because it generates 
a suiplus of $5 ($19 — $14). The third ticket generates a surplus of $4. The 


See Allen C Goodman and Masahiro Kawai, "Functional Form, Sample Selection, and Housing 
c'emand. Journal of Urban Economics 20 (September 1986): 155-67. 

Measuring consumer surplus in dollars involves an implicit assumption about the shape of 
nsumers indifference curves: namely, that the marginal utility associated with increases in a con- 
mer s income remains constant within the range of income in question. In many cases, this is a 
asona e assumption. It may be suspect, however, when large changes in income are involved. 



(individual) consumer sur- 
plus Difference between 
what a consumer is willing to 
pay for a good and the 
amount actually paid. 
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Price 

(dollars per 20 
ticket) 

19 


Rock Concert Tickets 


Consumer surplus is tire total benefit from the consumption of a product, net of the 
total cost of purchasing it. Here, the consumer surplus associated with six concert 
rickets (purchased at $14 per ticket) is given by the yellow-shaded area. 


fourth, however, generates a surplus of only $3, the fifth a surplus of S2, and the 
sixth a surplus of just SI . Our student is indifferent about purchasing the sev- 
enth ticket (which generates zero surplus) and prefers not to buy any more than 
that because the value of each additional ticket is less than its cost. In Figure 4.13, 
consumer surplus is found by adding the excess values or surpluses foi all units pur- 
chased. In this case, then, consumer surplus equals 


S4 + S3 


$1 = $21 


To calculate the aggregate consumer surplus in a market, we simply find the 
area below the market demand curve and above the price line. For our rock con- 
ceit example, this principle is illustrated in Figure 4.14. Now, because the num- 
ber of tickets sold is measured in thousands and individual demand curves dif- 
fer, the market demand curve appears as a straight line. Note that the actual 
expenditure on tickets is 6500 x $14 = $91,000. Consumer surplus, shown as the 
shaded triangle, is 

1/2 X ($20 - $14) x 6500 = $19,500 

This figure is the total benefit to consumers, less what they paid for the tickets. 

Of course market demand curves are not always straight lines Nonetheless, 
we can always measure consumer surplus by finding the area below the 
demand curve and above the price line. 

Applying Consumer Surplus Consumer surplus has important applica- 
tions in economics. When added over many individuals, it measures the agg re 
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Rock Concert Tickets (Thousands) 


FIGURE 4.14 Consumer Surplus Generalized 


For the market as a whole, consumer surplus is measured by the area under the 
demand curve and above the line representing the purchase price of the good. Here, 
the consumer surplus is given by the shaded triangle and is equal to 1/2 X 
($20 - $14) X 6500 = $19,500. 


gate benefit that consumers obtain from buying goods in a market. When we 
combine consumer surplus with the aggregate profits that producers obtain, we 
can evaluate both the costs and benefits not only of alternative market struc- 
tures, but of public policies that alter the behavior of consumers and firms in 
those markets. 


example 4.5 The Value of Clean Air 


A ir is free in the sense that we don't pay to breathe it. But the absence of a 
market for air may help explain why the air quality in some cities has been 
deteriorating for decades. To encourage cleaner air, Congress passed the Clean 
Air Act in 1963 and has since amended it a number of times. In 1970, for exam- 
ple, automobile emissions controls were tightened. Were these controls worth 
it? Were the benefits of cleaning up the air sufficient to outweigh the costs 
imposed directly on car producers and indirectly on car buyers? 

To answer this question, Congress asked the National Academy of Sciences 
to evaluate emissions controls in a cost-benefit study. Using empirically deter- 
mined estimates of the demand for clean air, the benefits portion of the study 
determined how much people value clean air. Although there is rio actual mar- 
ket for dean air, people do pay more for houses where the air is clean than for 
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comparable houses in areas with dirtier air. This information was used to esti- 
mate the demand for clean air.' Detailed data on house prices in neighborhoods 
of Boston and Los Angeles were compared with the levels of various air pollu- 
tants. The effects of other variables that might affect house value were taken 
into account statistically. The study determined a demand curve for clean air 
that looked approximately like the one shown in Figure 4.15. 

The horizontal axis measures the amount of air pollution reduction; the \ erti- 
cal axis measures the increased value of a home associated with those reduc- 
tions. Consider, for example, the demand for cleaner air of a homeowner in a 
city in which the air is rather dirty, as exemplified by a level of nitrogen oxides 
(NOX) of 10 parts per 100 million (pphm). If the family were required to pay 
$1000 for each 1 pphm reduction in air pollution, it would choose A on the 
demand curve in order to obtain a pollution reduction of 5 pphm. 

How much is a 50-percent, or 5-pphin, reduction in pollution worth to the 
same family? We can measure this value by calculating the consumer surplus 
associated with reducing air pollution. Because the price for this reduction is 
$1000 per unit, the family would pay $5000. However, the family values all but 
the last unit of reduction by more than $1000. As a result, the shaded triangle in 
Figure 4.15 gives the value of the cleanup (above and beyond the payment). 
Because the demand curve is a straight line, the surplus can be calculated from 
the area of the triangle whose height is $1000 ($2000 — $1000) and whose base 
is 5 pphm. Therefore, the value to the household of the pollution reduction is 
$2500. 


Value 

(dollars per pphm 9 qqq 
of reduction) 



1 NOX (pphm) 
Pollution Reduction 


FIGURE 4.15 Valuing Cleaner Air 


The shaded triangle gives the consumer surplus generated when air pollution is 
reduced bv 5 parts per 100 million of nitrogen oxide at a cost of $1000 per part 
reduced. The surplus is created because most consumers are willing to pa_\ more 
than $1000 for each unit reduction of nitrogen oxide. 


' The results are summarized in Daniel L. Rubinfeld, "Market Approaches to the Measurement 
the Benefits of Air Pollution Abatement," in Ann Friedlaender, ed , The Benefits and Costs of C eaiung 
the Ail (Cambridge: MIT Press, 1976), 240-73. 
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A complete cost-benefit analysis would use a measure of the total benefit of 
the cleanup — the benefit per household times the number of households. This 
figure could be compared with the total cost of the cleanup to determine 
whether such a project was worthwhile. We will discuss clean air further in 
Chapter 18, when we describe the tradeable emissions permits that were intro- 
duced by the Clean Air Act Amendments of 1990. 


4.5 Network Externalities 

So far, we have assumed that people's demands for a good are independent of 
one another. In other words, Tom's demand for coffee depends on Tom's tastes 
and income, the price of coffee, and perhaps the price of tea. But it does not 
depend on Dick's or Harry's demands for coffee. This assumption has enabled 
us to obtain the market demand curve simply by summing individuals' 
demands. 

For some goods, however, one person's demand also depends on the 
demands of other people. In particular, a person's demand may be affected by 
the number of other people who have purchased the good. If this is the case, 

there exists a network externality. Network externalities can be positive or neg- network externality When 
ative. A positive network externality exists if the quantity of a good demanded by a each individual's demand 

typical consumer increases in response to the growth in purchases of other consumers. If oHel n indh n iduals UrdiaS8S 

the quantity demanded decreases, there is a negative network externality. 

The Bandlwagon Effect 

One example of a positive network externality is the bandwagon effect — the bandwagon effect Positive 

desire to be in style, to possess a good because almost everyone else has it, or to network externality in which a 

indulge in a fad. 8 The bandwagon effect often arises with children's toys (Beanie goodH partbeMuTe' othersdo. 
Babies or Sega video games, for example). In fact, exploiting this effect is a major ° 
objective in marketing and advertising toys. Often it is also the key to success in 
selling clothing. 

The bandwagon effect is illustrated in Figure 4.16, in which the horizontal 
axis measures the sales of some fashionable good in thousands per month. 

Suppose consumers think that only 20,000 people have bought a certain good. 

Because this is a small number relative to the total population, consumers will 
have little motivation to buy the good in order to be in style. Some consumers 
may still buy it (depending on price), but only for its intrinsic value. In this case, 
demand is given by the curve D 20 . 

Suppose instead that consumers think that 40,000 people have bought the 
good. Now they find the good more attractive and want to buy more. The 
demand curve is D 40 , which is to the right of D 20 . Similarly, if consumers think 
that 60,000 people have bought the good, the demand curve will be D eo , and so 
on. The more people consumers believe to have bought the good, the farther to 
the right the demand curve shifts. 


The bandwagon effect and the snob effect were introduced by Harvey Liebenstein, "Bandwagon, 
•’nob, and Veblen Effects in the Theory of Consumers' Demand," Quarterly Journal of Economics 62 
•February 1948): 165-201 




A bandwagon effect is a positive network externality in which the quantity' of a good 
that an individual demands grows in response to the growth of purchases by other 
individuals. Here, as the price of the product falls from S30 to S20, the bandv agon 
effect causes the demand for a good to shift to the right, from D 40 to D g0 . 


Ultimately, consumers will get a good sense of how many people ha\ e in fact 
purchased a good This number will depend, of course, on its price. In Figure 
4.16, for example, we see that if the price were S30, 40,000 people would buy the 
good. Thus the relevant demand curve would be D 40 . If the price were S20, 

80.000 people would buy the good and the relevant demand curve would be D a . 
The market demand curve is therefore found by joining the points on the curves D 2 q, D 40 , 
D 60 , D so , and D„ l0 that correspond to the quantities 20,000, 40,000, 60,000, 80,000 ami 
100,000. 

Compared with the curves D ;o , etc., the market demand curve is relatively 
elastic. To see whv the bandwagon effect leads to a more elastic demand cun e, 
consider the effect of a drop in price from S30 to S20, with a demand curve of 
D 40 . If there were no bandwagon effect, quantity demanded would increase from 

40.000 to only 48,000. But as more people buy the good and it becomes stylish to 
own it, the bandwagon effect increases quantity demanded further, to 80,000. 
Thus the bandwagon effect increases the response of demand to price changes 
i.e., it makes demand more elastic. As we'll see later, this result has important 
implications for producers' pricing strategies. 

Although the bandwagon effect is associated with fads and stylishness, posi 
five network externalities can arise for other reasons. The greater rhe number of 
people who own a particular good, the greater the intrinsic value of that good to 
each owner. For example, if I am the only person to own a compact disc play or, it 
will not be economical for companies to manufacture compact discs, w ithout the 
discs, the CD player will obviously be of little value to me. But the greater the 


|| 




Chapter 4 Individual and Market Demand 129 


number of people who own play'ers, the more discs will be manufactured and 
the treater will be the value of the player to me. The same is true for personal 
computers: The more people who own them, the more software will be written, 
nd thus the more useful the computer will be to me. 


Network externalities are sometimes negative. Consider the snob effect, which 
refers to the desire to own exclusive or unique goods. The quantity' demanded of 
snob good" is higher the fewer the people who own it. Rare works of art, spe- 
cially designed sports cars, and made-to-order clothing are snob goods. The 
alue one gets from a painting or a sports car is partly the prestige, status, and 
exclusivity resulting from the fact that few other people own one like it. 

Figure 4.17 illustrates the snob effect. D 2 is the demand curve that would 
pply if consumers believed that only 2000 people owned the good. If they' 
believe that 4000 people own the good, it is less exclusive, and so its snob value 
is reduced. Quantity' demanded will therefore be lower; the curve D 4 applies. 
Similarly', if consumers believe that 6000 people own the good, demand is even 
smaller and D 6 applies. Eventually, consumers learn how widely owned a good 


Price 
(dollars per 
unit) 


Demand 


■ Pure Price Effect - 
- Snob Effect 


14 Quantity 
(thousands 
per month) 


Net Effect 


FIGURE 4.17 Negative Network Externality: Snob Effect 


A snob effect is a negative network externality in which the quantity' of a good that 
an individual demands falls in response to the growth of purchases by' other individ- 
uals. Here, as the price falls from $30,000 to $15,000 and more people buy' the good, 
the snob effect causes the demand for a good to shift to the left, from D 2 to D 6 . 


snob effect Negative net- 
work externality in which a 
consumer wishes to own an 
exclusive or unique good. 
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actually is. Thus the market demand curve is found by joining the points on 
the curves D 2 , D 4 , D 6 , etc., that actually correspond to the quantities 2000, 4000, 
6000, etc. 

The snob effect makes market demand less elastic. To see why, suppose the 
price was initially $30,000, with 2000 people purchasing the good. What hap- 
pens when the price is lowered to 515,000? If there were no snob effect, the quan- 
tity purchased would increase to 14,000 (along curve D 2 ). But as a snob good, its 
value is greatly reduced if more people own it. The snob effect dampens the 
increase in quantity demanded, cutting it by 8000 units; the net increase in sales 
is only to 6000 units. For many goods, marketing and advertising are geared to 
creating a snob effect (e.g., Rolex watches). The goal is less elastic demand — a 
result that makes it possible for firms to raise price. 

Negative network externalities can arise for other reasons. Consider the effect 
of congestion. Because I prefer short lines and fewer skiers on the slopes, the 
value I obtain from a lift ticket at a ski resort is lower the more people there are 
who have bought tickets. Likewise for entry to an amusement park, skating rink, 
or beach. 9 


example 4.6 Network Externalities and the Demands 
for Computers and E-Mail 


T he 1950s and 1960s witnessed phenomenal growth in the demand for 
mainframe computers. From 1954 to 1965, for example, annual revenues 
from the leasing of mainframes increased at the extraordinarv rate of 78 percent 
per vear, while prices declined by 20 percent per vear. Granted, prices were 
falling, and the quality of computers was also increasing dramaticallv, but tire 
elasticity of demand would have to have been quite large to account for this 
kind of growth IBM, among other computer manufacturers, wanted to know 
what was going on. 

An econometric study by Gregory Chow helped provide some answers. 10 
Chow found that the demand for computers follows a "saturation curve" — a 
dynamic process whereby demand, though small at first, grows slowly. Soon, 
however, it grows rapidly, until finally nearly everyone likely to buy a product 
has done so, whereby the market becomes saturated. This rapid growth occurs 
because of a positive network externality: As more and more organizations 
own computers, as more and better software is written, and as more people are 
trained to use computers, the value of having a computer increases. Because 
this process causes demand to increase, still more software and better trained 
users are needed, and so on. 

This network externality was an important part of the demand for comput- 
ers. Chow found that it could account for nearly half tire rapid growth of 
rentals between 1954 and 1965 Reductions in the inflation-adjusted price (he 
found a price elasticity of demand for computers of - 1.44) and major increases 
in power and quality, which also made them much more useful and effective, 


Tastes, of course, differ Some people associate a positive network externality with skiing or a day 
on the beach; then enjoy crowds and may even find the slope or beach lonely without them 
10 See Gregory Chow, "Technological Change and the Demand for Computers," American Economic 
Review 57, no. 5 (December 1967): 1117-30. 
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accounted for the other half. Other studies have shown that this process contin- 
ued through the following decades. 11 In fact, this same kind of network exter- 
nality helped to fuel a rapid growth rate in the demand for personal computers. 

Today there is little debate about the importance of network externalities as 
an explanation for the success of Microsoft's Windows PC operating system, 
which by 1999 was being used in about 90 percent of personal computers 
worldwide. At least as significant has been the phenomenal success of the 
Microsoft Office Suite of PC applications (which includes Word and Excel), ha 
1999, Microsoft Office had well over 90 percent of the market. 

Network externalities are not limited to computers. In recent years there has 
been explosive growth in the use of e-mail. Clearly a strong positive network 
externality is at work. Because an e-mail can only be transmitted to another 
e-mail user, the value of using e-mail depends crucially on how many other 
people use it. By the mid-1990s, nearly all business offices in the United States 
used e-mail, and e-mail had become a standard means of communicating. 


ipirical hstima 


don of Demand 


Latei in this book, we explain how demand information is used as input into a 
firm s economic decision-making process. General Motors, for example, must 
understand automobile demand to decide whether to offer rebates or below- 
market-iate loans for new cars. Knowledge about demand is also important for 
public policy decisions. Understanding the demand for oil, for instance, can help 
Congress decide whether to pass an oil import tax. You may wonder how it is 
that economists determine the shape of demand curves and how price and 
income elasticities of demand are actually calculated. In this starred section, we 
will briefly examine some methods for evaluating and forecasting demand. The 
section is starred not only because the material is more advanced, but also 
because it is not needed for much of the later analysis in the book. Nonetheless, 
this material is instructive and will help you appreciate the empirical foundation 
of the theory of consumer behavior. The basic statistical tools for estimating 

demand cur\ es and demand elasticities are described in the appendix to this 
book. r 


Snfer¥iew and Experimental Approaches 
to Demand Determination 

One way to obtain information about demand is through interviews in which 
consumers are asked how much of a product they might be willing to buy at a 
given price. This approach, however, may not succeed when people lack infor- 
mation or interest or even want to mislead the interviewer. Therefore, market 
reseaicheis hay e designed various indirect survey techniques. Consumers might 
e asked, for example, what their current consumption behavior is and how they 
would respond if a certain product were available at, say, a 10-percent discount. 


R l J j° rd ° n ; "T he Postwar Evolution of Computer Prices," in Dale W. Jorgenson and 
pn Landau, eds , Technology and Capital Formation (Cambridge; MIT Press, 1989), 
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Thev might be asked how thev would expect others to behave Although indi- 
rect approaches to demand estimation can be fruitful, the difficulties of the inter- 
view approach have forced economists and marketing specialists to look to 
alternative methods. 

In direct marketing experiments, actual sales offers are posed to potential cus- 
tomers. An airline, for example, might offer a reduced price on certain flights for 
six months, partly to learn how the price change affects demand for flights and 
partly to learn how competitors will respond. 

Direct experiments are real, not hypothetical, but even so, problems remain. Tire 
wrong experiment can be costly, and even if profits arid sales rise, the firm cannot be 
entirely sure that these increases resulted from the experimental change; other factors 
probably changed at the same time. Moreover, the response to experiments — which 
consumers often recognize as short-lived — may differ from the response to perma- 
nent changes. Finally, a firm can afford to try only a limited number of experiments. 


The Statistical 


Btimation 


Firms often rely on market data based on actual studies of demand. Properly 
applied, the statistical approach to demand estimation can help researchers sort 
out the effects of variables, such as income and the prices of other products, on 
the quantity of a product demanded. Ffere we outline some of the conceptual 
issues involved in the statistical approach. 

Table 4.5 shows the quantity of raspberries sold in a market each year. 
Information about the market demand for raspberries would be valuable to an 
organization representing growers because it would allow them to predict sales on 
the basis of their own estimates of price and other demand-determining variables. 
Let's suppose that, focusing on demand, researchers find that the quantity of rasp- 
berries produced is sensitive to weather conditions but not to the current market 
price (because farmers make their planting decisions based on last year's price). 

The price and quantity data from Table 4.5 are graphed in Figure 4.18. If we 
believe that price alone determines demand, it would be plausible to describe the 
demand for the product by drawing a straight line (or other appropriate curve), 
Q = a - bP, which "fit" the points as shown by demand curve D. (The "least- 
squares" method of curve-fitting is described in the appendix to this book.) 


TABLE 4.5 Demand Data 


YEAR 

QUANTITY (Q) 

PRICE (P) 

INCOME (1) 

1988 

4 

24 

10 

1989 

7 

20 

10 

1990 

8 

17 

10 

1991 

13 

17 

17 

1992 

16 

10 

17 

1993 

15 

15 

17 

1994 

19 

12 

20 

1995 

20 

9 

20 

1996 

22 

5 

20 
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Price and quantity data can be used to determine tire form of a demand relationship. 
But tire same data could describe a single demand curve D or three demand curves 
d i, d 2l and d 3 that shift over time. 


Does curve D (given by the equation Q = 28.2 - LOOP) really represent the 
demand for the product? The answer is yes— but only if no important factors 
ot tier than product price affect demand. In Table 4.5, however, we have included 
data for one other variable: the average income of purchasers of the product, 
i ote that income (I) has increased twice during the study, suggesting that the 
demand curve has shifted twice. Thus demand curves d v d->, and d- in Figure 
4.18 give a more likely description of demand. This demand relationship would 
be described algebraically as 

Q = a — bP + cl (4.4) 

The income term in the demand equation allows the demand curve to shift in a 
parallel fashion as income changes. (The demand relationship, calculated usin- 
the least-squares method, is given by Q = 8.08 - .49P + .81/.) 



ecause the demand relationships discussed above are straight lines, the effect 
ot a change in price on quantity demanded is constant. However, the price elas- 
Kity of demand varies with the price level. For the demand equation 
v a - bP, for example, the price elasticity' E P is 


E P = (AQ/AP)(P/Q) = - b(P/Q ) 


(4.5) 
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Thus elasticity increases in magnitude as the price increases (and the quantity 

demanded falls). , r , , , 

There is no reason to expect elasticities ot demand to be constant. 

Nevertheless, we often find the isoelastic demand curve, in which the price e astic- 
jty and the income elasticity are constant, useful to work with. When written m 
its loo-linear form, the isoelastic demand curve appears as follows: 

log(Q) = a - b log(P) + c log (I) (4 ‘ 6) 


where lew ( ) is the logarithmic function and a, b, and c are the constants in the 
demand equation. The appeal of the log-linear demand relationship is that 
the slope of the line -b is the price elasticity of demand and the constant c is the 
income elasticity. 12 Using the data in Table 4.5, for example, we obtained the 
regression line 


log(Q) = -0.81 - 0.24 log(P) + 1.46 log(f) 

This relationship tells us that the price elasticity of demand for raspberries is 
- 0?4 (that is, demand is inelastic) and that the income elasticity is 1 . 

We have seen that it can be useful to distinguish between goods that are com- 
plements and goods that are substitutes. Suppose that P, represents the price ot 
a second good— one which is believed to be related to the product we are study - 
ing. We can then write the demand function in the following form: 

log(Q) = a - b log(P) + bn log (P 2 ) + c log(I) 

When b 2 , the cross-price elasticity, is positive, the two goods are substitutes; 
when b 2 is negative, the two goods are complements. 



: Demand for Ready- 


HPhe Post Cereals Division of Kraft General Foods acquired the Shredded 
1 Wheat cereals of Nabisco in 1995. The acquisition raised the legal and eco- 
nomic question of whether Post would raise the price ot >ts best-selhng brand 
Grape Nuts, or the price of Nabisco's most successful brand, Shiedded re 
Spoon Size. 11 One important issue in a lawsuit brought by the state of • ev\ 
York was whether the two brands were close substitutes tor one another. If so 
it would be more profitable for Post to increase the price of Grape Nuts after 


12 The natural logarithmic function with base r has the property that A(1^(Q)) - J 

of demand By a similar argument, the income elasticity of demand c is given b> (AQ/ Q)/ (A/ 
13 State of Neu' York v Kraft General Foeth. Inc , 926 F Supp 321, 3a6 (S D.NA 
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rather than before the acquisition. Why? Because after the acquisition the lost 
sales from consumers who would switch away from Grape Nuts would be 
recovered to the extent that they switched to Shredded Wheat. 

The extent to which a price increase will cause consumers to switch is given 
(in part) by' the price elasticity of demand for Grape Nuts. Other tilings being 
equal, the higher the demand elasticity', the greater the loss of sales associated 
with a price increase. The more likely^, too, that the price increase will be 
unprofitable. 

The substitutability' of Grape Nuts and Shredded Wheat can be measured by 
the cross-price elasticity of demand for Grape Nuts with respect to the price of 
Shredded Wheat. The relevant elasticities were calculated using weekly data 
obtained from the supermarket scanning of household purchases for 10 cities 
over a three-y'ear period. One of the estimated isoelastic demand equations 
appeared in the following log-linear form: 

log(Q GN ) = 1-998 - 2.085 log(P GN ) + 0.62 log(I) + 0.14 log(P sw ) 

where Q GN is the amount (in pounds) of Grape Nuts sold weekly, P GN the price 
per pound of Grape Nuts, I real personal income, and P sw the price per pound 
of Shredded Wheat Spoon Size. 

The demand for Grape Nuts is elastic (at current prices), with a price elastic- 
ity of about -2. The income elasticity is 0.62: In other words, increases in 
income lead to increases in cereal purchases, but at less than a 1-for-l rate. 
Finally', the cross-price elasticity is 0.14. This figure is consistent with the fact 
that although the two cereals are substitutes (the quantity demanded of Grape 
Nuts increases in response to an increase in the price of Shredded Wheat), they 
are not very close substitutes. 



SUMMARY 


1. Individual consumers' demand curves for a commod- 
ity can be derived from information about their tastes 
for all goods and services and from their budget con- 
straints. 

2. Engel curves, which describe the relationship 
between the quantity of a good consumed and 
income, can be useful for discussions of how con- 
sumer expenditures vary with income. 

3. Two goods are substitutes if an increase in the price of 
one leads to an increase in the quantity' demanded of 
the other. In contrast, two goods are complements if 
an increase in the price of one leads to a decrease in 
the quantity demanded of the other 

4- The effect of a price change on the quantity de- 
manded of a good can be broken into two parts: a 
substitution effect, in which satisfaction remains con- 
stant while price changes, and an income effect, in 
which the price remains constant while satisfaction 


changes. Because the income effect can be positive or 
negative, a price change can have a small or a large 
effect on quantity demanded. In the unusual case of a 
so-called Giffen good, the quantity demanded may 
move in the same direction as the price change, 
thereby generating an upward-sloping individual 
demand curve. 

5. The market demand curve is the horizontal summa- 
tion of the individual demand curves of all consumers 
in the market for a good. It can be used to calculate 
how much people value the consumption of particu- 
lar goods and services. 

6. Demand is price inelastic when a 1-percent increase in 
price leads to a less than 1-percent decrease in quan- 
tity demanded, thereby increasing the consumer's 
expenditure. Demand is price elastic when a 1-percent 
increase in price leads to a more than 1-percent 
decrease in quantity' demanded, thereby' decreasing 
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the consumer's expenditure Demand is unit elastic 
when a 1-percent increase in price leads to a 1-percent 
decrease in quantity demanded 

7. The concept of consumer surplus can be useful in deter- 
mining the benefits that people receive from the con- 
sumption of a product. Consumer surplus is the dif- 
ference between the maximum amount a consumer is 
willing to pay for a good and what he actually pays 
when buying it. 

8. A network externality occurs when one person's 
demand is affected directly' by' the purchasing deci- 
sions of other consumers. A positive network exter- 
nality', the bandwagon effect, occurs when a typical 
consumer's quantity demanded increases because she 


considers it stylish to buy’ a product that others have 
purchased. Conversely 7 , a negative network external- 
ity, the snob effect, occurs when the quantity 
demanded increases when fewer people own the 
good 

9. A number of methods can be used to obtain informa- 
tion about consumer demand. These include inter- 
view and experimental approaches, direct marketing 
experiments, and the more indirect statistical 
approach. The statistical approach can be very power- 
ful in its application, but it is necessary to determine 
the appropriate variables that affect demand before T 
the statistical work is done. I 



1. How is an individual demand curve different from a 
market demand curve? Which curve is likely to be 
more price elastic? (Hint: Assume that there are no 
network externalities.) 

2. Is the demand for a particular brand of product, such 
as Head skis, likely' to be more price elastic or price 
inelastic than the demand for the aggregate of all 
brands of downhill skis? Explain. 

3. Tickets to a rock concert sell for $10. At that price, 
however, the demand is substantially' greater than the 
available number of tickets. Is the value or marginal 
benefit of an additional ticket greater than, less than, 
or equal to $10? How might you determine that value? 

4. Suppose a person allocates a given budget between two 
goods, food and clothing. If food is an inferior good, can 
you tell whether clothing is inferior or normal? Explain. 

5. Which of the following combinations of goods are 
complements and which are substitutes? Could any 
of them be either in different circumstances? Discuss. 

a. a mathematics class and an economics class 

b. tennis balls and a tennis racket 

c. steak and lobster 

d. a plane trip and a train trip to the same destination 

e. bacon and eggs 

6. Which of the following events would cause a move- 
ment along the demand curve for U.S.-produced cloth- 
ing? Which would cause a shift in the demand curve? 


a. the removal of quotas on the importation of for- 
eign clothes 

b. an increase in the income of U.S. citizens 

c. a cut in the industry's costs of producing domestic 
clothes that is passed on to the market in the form 
of lower prices 

7. For which of the following goods is a price increase 
likely 7 to lead to a substantial income (as well as sub- 
stitution) effect? 

a. salt 

b. housing 

c. theater tickets 

d. food 

8. Suppose that the average household in a state con- 
sumes 500 gallons of gasoline per year. A 10-cent 
gasoline tax is introduced, coupled with a $50 annual 
tax rebate per household. Will the household be better 
or worse off after the new program is introduced? 

9. Which of the following three groups is likely’ to have 
the most and which the least price-elastic demand 
for membership in the Association of Business 
Economists? 

a. students 

b. junior executives 

c. senior executives 




1. The ACME Corporation determines that at current 
prices, the demand for its computer chips has a price 
elasticity' of —2 in the short run. The price elasticity 
for its disc drives is — 1. 


a. If ACME decides to raise the price of both products 
bv 10 percent, what will happen to its sales? To its 
sales revenue? 


■ 
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b. Can you tell from the available information which 
product will generate more revenue? If ves, which 
one? If not, what additional information would 
you need? 

2 . Refer to Example 4.3 on the aggregate demand for 
wheat in 1998. Consider 1996, at which time the 
domestic demand curve was Q DD = 1560 - 60 P. The 
export demand curve, however, was about the same 
as in 1998, i.e., Q DE = 1544 — 176P. Calculate and 
draw the aggregate demand curve for wheat in 1996. 

3 . Judy has decided to allocate exactly $500 to textbooks 
at college every' year, even though she knows that the 
prices are likely to increase by from 5 to 10 percent per 
year and that she will be getting a substantial mone- 
tary gift from her grandparents next year. What is 
Judy's price elasticity of demand for textbooks? What 
is her income elasticity? 

4. Vera has decided to upgrade the operating system on 
her new PC. She hears that the new Linux operating 
system is technologically superior to the Windows 
operating system and is substantially' lower in price. 
However, when she asks her friends, it turns out they all 
use PCs with Windows. They' agree that Linux is more 
appealing but add that they see relatively few copies of 
Linux on sale at local retail software stores. Based on 
what she learns and observes, Vera chooses to upgrade 
her PC with Windows. Can you explain her decision? 

5. Suppose you are in charge of a toll bridge that is 
essentially' cost free. The demand for bridge crossings 
Q is given by P = 12 - 2 Q. 

a. Draw the demand curve for bridge crossings. 

b. How many' people would cross the bridge if there 
were no toll? 

c. What is the loss of consumer surplus associated 
with the charge of a $6 toll? 

6. a. Orange juice and apple juice are known to be 

perfect substitutes. Draw the appropriate price- 
consumption curve (for a variable price of orange 
juice) and income-consumption curve, 
b. Left shoes and right shoes are perfect comple- 
ments. Draw the appropriate price-consumption 
and income-consumption curves. 

7. Heather's marginal rate of substitution of movie tick- 
ets for video rentals is the same no matter how many 
videos she wants. Draw Heather's income consump- 
tion curve and her Engel curve for videos. 

8. You are managing a $300,000 city budget in which 
monies are spent on schools and public safety only', 
hou are about to receive aid from the federal govern- 
ment to support a special antidrug program. Two pro- 
grams are available: (1) a $100,000 grant that must be 
spent on law enforcement; and (2) a 100-percent 
matching grant, in which each dollar of local spend- 
ing on lavs' enforcement is matched by a dollar of fed- 
eral money'. The federal matching program limits pay'- 

ment to each city to a maximum of $100,000. 
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a. Complete the table below with the amounts avail- 
able for safetv 



b. Suppose that you allocate $50,000 of the $300,000 
to schools. Which program would you (the man- 
ager) choose if you wish to maximize citizen satis- 
faction? What if you allocate $250,000? 

c. Draw the budget constraints for the three options: 
no aid, program 1, or program 2. 

9. By observing an indiv idual's behavior in the situa- 
tions outlined below, determine the relevant income 
elasticities of demand for each good (i.e., whether the 
good is normal or inferior). If you cannot determine 
the income elasticity, vs'hat additional information 
might you need? 

a. Bill spends all his income on books and coffee. He 
finds $20 while rummaging through a used paper- 
back bin at the bookstore He immediately buys a 
new hardcover book of poetry. 

b. Bill loses $10 with which he was going to buy' a 
double espresso. He decides to sell his new book at 
a discount and use the money to buy coffee 

c. Being bohemian becomes the latest teen fad. As a 
result, coffee and book prices rise bv 25 percent. 
Bill lowers his consumption of both goods by the 
same percentage 

d. Bill drops out of art school and gets an M..B.A. 
instead. He stops reading books and drinking cof- 
fee. Now he reads the Wall Street Journal and 
drinks bottled mineral water. 

10. Suppose the income elasticity of demand for food is 
0.5 and the price elasticity of demand - 1.0. Suppose 
also that Felicia spends $10,000 a year on food, that 
the price of food is $2, and that her income is $25,000. 
a. If a $2 sales tax on food were to cause the price of 
food to double, what would happen to Felicia's 
consumption of food? (Hint: Because a large price 
change is involved, you should assume that the 
price elasticity measures an arc elasticity rather 
than a point elasticity.) 
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b. Suppose that she is given a tax rebate of SoOOO to 
ease the effect of the tax. What would her con- 
sumption of food be now? 

c. Is she better or worse off when given a rebate 
equal to the sales tax payments? Discuss. 

11. Suppose that you are the consultant to an agricultural 
cooperative that is deciding whether members should 
cut their production of cotton in half next year. The 
cooperate wants your advice as to whether this will 
increase the farmers' revenues. Knowing that cotton 


( C ) and watermelons (w) both compete for agricultural 
land in the South, you estimate the demand for cotton 
to be 

c = 3.5 - 1.0 p c + .25 p w + .50 i 

where p c is the price of cotton, p u . the price of water- 
melon, and i income. Should you support or oppose 
the plan? Is there any additional information that 
would help you to provide a definitive answer? 
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This appendix presents a mathematical treatment of the basics of demand the- 
ory. Our goal is to provide a short overview of the theory of demand for stu- 
dents who have some familiarity with the use of calculus. To do this, we will 
explain and then apply the concept of constrained optimization. 


Utility IV!ajjQimiazati©ra 


The theory of consumer behavior is based on the assumption that consumers 
maximize utility subject to the constraint of a limited budget. We saw in Chap- 
ter 3 that for each consumer, we can define a utility function that attaches a level 
of utility to each market basket. We also saw that the marginal utility of a good is 
defined as the change in utility associated with a one-unit increase in the con- 
sumption of the good. Using calculus, as we do in this appendix, marginal util- 
ity is measured as the utility change that results from a very small increase in 
consumption. 

Suppose, for example, that Bob's utility function is given by U(X,Y) = 
log X + log Y, where, for the sake of generality, X is now used to represent food 
and Y represents clothing. In that case, the marginal utility associated with the 
additional consumption of X is given by the partial derivative of the utility function 
with respect to good X. Here, MU X , representing the marginal utility of good X, is 
given by 


In §3.1, we explain that a utility 
function is a formula that 
assigns a level of utility’ to each 
market basket. 

In §3.2, marginal utility' is 
described as the additional sat- 
isfaction obtained by consum- 
ing an additional amount of a 
good 


dU(X, Y) _ d(log X + log Y) 1 
dX dX ~ X 


In the following analysis, we will assume, as in Chapter 3, that while the level 
of utility is an increasing function of the quantities of goods consumed, marginal 
utility decreases with consumption. When there are two goods, X and Y, the con- 
sumer's optimization problem may thus be written as 

Maximize U(X, Y) (A4.1) 

subject to the constraint that all income is spent on the two goods: 

P x X + P y Y = I (A4.2) 

Here, U( ) is the utility function, X and Y the quantities of the two goods pur- 
chased, P x and P y the prices of the goods, and I income. 1 

To determine the individual consumer's demand for the two goods, we choose 
those values of X and Y that maximize (A4.1) subject to (A4.2). When we know 


To simplify the mathematics, we assume that the utility function is continuous (with continuous 
derivatives) and that goods are infinitely' divisible. 
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the particular form of the utility function, we can solve to find the consumer s 
demand for X and Y directly. However, even if we write the utility function in its 
o-eneral form LI(X,Y), the technique of constrained optimization can be use to 
describe the conditions that must hold if the consumer is maximizing utihty. 


method of Lagrange multi- 
pliers Technique to maxi- 
mize or minimize a function 
subject to one or more 
constraints. 


Lagrangian Function to be 
maximized or minimized, plus 
a variable (the Lagrange multi- 
plier) multiplied by the 
constraint. 


The method of Lagrange multipliers is a technique that can be used o maxi- 
mize or minimize a function subject to one or more constraints. Because tv e will 
use this technique to analyze production and cost issues later m the book we 
will provide a step-by-step application of the method to the problem ot hndmg 
the consumer's optimization given by equations (A4.1) and (A4._). 

1 Statirih the Problem First, we write the Lagrangian for the problem. The 
Lagrangian is the function to be maximized or minimized (here, utility is being 
maximized), plus a variable which we call A times the constraint (here, re con- 
sumer's budget constraint). We will interpret the meaning of A in a moment, he 
Lagrangian is then 


= Lf(X,Y| - A (P x X + P y Y - 1) 


(A4.3) 


Note that we have written the budget constraint as 

P x X + P y Y -1=0 


i.e., as a sum 


of terms equal to zero. We then insert this sum into the Lagrangian. 


ry i- the Lasransian If we choose values of X and Y that sat- 

isfy^ the budget constraint, then th/second term in equation (A4.3) will be zero. 
Maximizing will therefore be equivalent to maximizing U(X,Y ). By diffeientiat 
Z 4 with respect to X, Y, and A and then equating the derivatives to zero, we 
can obtain the necessary conditions for a maximum.- The resulting equations a 


Z = MU V (X,Y) - A P x = 0 
dX 


— = MUy(X,Y) - APy = o 
dY 


(A4.4) 


— - P x X F P V Y -1 = 0 

ds\ 

Here as before, MU is short for marginal utility : In other words, MU x (X,l ) - 
DLI(X,Y)/f>X, the change in utility from a very small increase m the consumpt 

of good X. 


and none of the other is consumed. 
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3, Solving the Resulting Equations The three equations in (A4.4) can be 

rewritten as 

iMU.y = APy 

MUy = APy 
PyX + PyY = I 

Now we can solve these three equations for the three unknowns. The resulting 
values of X and Y are the solution to the consumer's optimization problem: They 
are the utility-maximizing quantities. 


The Equal f¥I animal Principle 

The third equation above is the consumer's budget constraint with which we 
started. The first two equations tell us that each good will be consumed up to the 
point at which the marginal utility from consumption is a multiple (A) of the 
price of the good. To see the implication of this, we combine the first two condi- 
tions to obtain the equal marginal principle: 


MU.y(X,Y) MU V (X,Y) 


(A4.5) 


In other words, the marginal utility of each good divided by its price is the same. 
To be optimizing, the consumer must be getting the same utility from the last dollar 
spent by consuming either X or Y. If this were not the case, consuming more of one 
good and less of the other would increase utility 

To characterize the individual's optimum in more detail, we can rewrite the 
information in (A4.5) to obtain 


MU x (X,Y) 

MUy(X,Y) 


(A4.6) 


In other words, the ratio of the marginal utilities is equal to the ratio of the prices. 


We can use equation (A4.6) to see the link between utility functions and indiffer- 
ence curves that was spelled out in Chapter 3. An indifference curve represents 
all market baskets that give the consumer the same level of utility If U* is a fixed 
utility level, the indifference curve that corresponds to that utility level is given 
by 

U(X, Y) = U* 


As the market baskets are changed by adding small amounts of X and sub- 
tracting small amounts of Y, the total change in utility must equal zero. Therefore 


In §3.3, we show that the mar- 
ginal rate of substitution is 
equal to the ratio of the mar- 
ginal utilities of the two goods 
being consumed. 


MU x (X, Y)dX + MUy (X,Y)dY = dll* = 0 


(A4.7) 
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Rearranging, 


— dY/dX = MU X (X,Y)/MU V (X,Y) = MRS XV 


(A4.8) 


where MRS xy represents the individual's marginal rate of substitution of X for 
Y. Because the left-hand side of (A4.8) represents the negative of the slope of the 
indifference curve, it follows that at the point of tangency, the individual's mar- 
ginal rate of substitution (which trades off goods while keeping utility constant) 
is equal to the individual's ratio of marginal utilities, which in turn is equal to 
the ratio of the prices of the two goods, from (A4.6). 3 

Wren the individual indifference curves are convex, the tangency of the indif- 
ference curve to the budget line solves the consumer's optimization problem. 
This principle was illustrated by Figure 3.11 in Chapter 3. 


In general, the three equations in (A4.4) can be solved to determine the three 
unknowns X, 1 , and A as a function of the two prices and income. Substitution 
for A then allows us to solve for the demands for each of the two goods in terms 
of income and the prices of the two commodities. This principle can be most eas- 
ily seen in terms of an example. 

A frequently used utility function is the Cobb-Douglas utility function, 
which can be represented in two forms: 


LI(X,Y) - a log(X) + (1 — rt) log(Y) 


and 


L l(X,Y) = X‘ , Y 1 

These two forms are equivalent for the purposes of demand theory because they 
both yield the identical demand functions for goods X and Y. We will derive the 
demand functions for the first form and leave the second as an exercise for the 
student. 

To find the demand functions for X and Y, given the usual budget constraint, 
we first write the Lagrangian: 

$ = a log(X) + (1 - rt)log(Y) - A (P x X + P y Y - I) 

Now diffeientiating with respect to X, Y, and A and setting the derivatives equal 
to zero, we obtain 1 


Whatever the form of the utility function, the Lagrange multiplier A represents 
the extra utility generated when the budget constraint is relaxed — in this case by 
adding one dollar to the budget. To show' how the principle w'orks, we differen- 
tiate the utility function L/(X,Y) totally with respect to I: 


dU/dl = MU x (X,Y ){dX/dI) + MU y {X,Y)(dY/dI) 


(A4.9) 


Because any increment in income must be divided betw'een the two goods, it fol- 
low's that 

dl = P x dX + P Y dY (A4.10) 

Substituting from (A4.5) into (A4.9), w'e get 

dU/dl = A P x (dX/dl) + \P r {dY/dl) = X(P x dX + P y dY)/dI (A4.ll) 

and substituting (A4.10) into (A4.ll), w'e get 

dU/dl = A(P X dX + P y dY)/(P x dX + P Y dY) = A (A4.12) 

Thus the Lagrange multiplier is the extra utility that results from an extra dollar 
of income. 

Going back to our original analysis of the conditions for utility' maximization, 
we see from equation (A4.5) that maximization requires that the utility obtained 
from the consumption of every good, per dollar spent on that good, be equal to 
the marginal utility of an additional dollar of income. If this w'ere not the case, 
utility could be increased by spending more on the good with the higher ratio of 
marginal utility to price and less on the other good. 


J We implicitly assume that the "second-order conditions" for a utility maximum hold. The con- 
sumer, therefore, is maximizing rather than minimizing utility'. The convexity condition is sufficient 
for the second-order conditions to be satisfied. In mathematical terms, the condition is that 
rf(MRS)/rfX < 0 or that dY 2 /dX~ > 0 where - dY/dX is the slope of the indifference curve Remem- 
ber: diminishing marginal utility is not sufficient to ensure that indifference curves are convex. 


ficiyax = n/X - A P x = 0 
d4>/c)Y = (1 - a)/Y - AP V = 0 
d(p/cb\ = P x X + PyY - 1=0 


The first tw'o conditions imply that 


P x X = n/X 
P y Y = (1 - a )/ A 


(A4.13) 

(A4.14) 


Combining these expressions with the last condition (the budget constraint) 
gives us 

n/X + (1 - n)/X -1 = 0 

or A = 1/J. Now' we can substitute this expression for A back into (A4.13) and 
(A4.14) to obtain the demand functions: 

X = (a/P x )I 
Y = [(1 - a)/Py)l 


Cobb-Douglas utility function 

Utility function U(X,Y) = X"Y ! 
where X arid Y are two goods 
and a is a constant. 
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In §2.3, we explain that the 
cross-price elasticity of 
demand refers to the percent- 
age change in the quantity 
demanded of one good that 
results from a 1-percent 
increase in the price of 
another good. 


duality Alternative way of 
looking at the consumer's util- 
ity maximization decision: 
Rather than choosing the 
highest indifference curve, 
given a budget constraint, the 
consumer chooses the lowest 
budget line that touches a 
given indifference curve 


In this example, the demand for each good depends only on the price of that 
good and on income, not on the price of the other good Thus, the cross-price 
elasticities of demand are 0. 

We can also use this example to review the meaning of Lagrange multipliers. 
To do so, let's substitute specific values for each of the parameters in the problem. 
Let a = 1/2, P x = SI, P y = $2, and I = $100. In this case, the choices that maxi- 
mize utility are X = 50 and Y = 25. Also note that A = 1/100. The Lagrange 
multiplier tells us that if an additional dollar of income were available to the 
consumer, the level of utility achieved would increase by 1/100. This conclusion 
is relatively easy to check. With an income of $101, the maximizing choices of the 
two goods are X = 50.5 and Y = 25.25. A bit of arithmetic tells us that the origi- 
nal level of utility is 3.565 and the new level of utility 3.575. As we can see, the 
additional dollar of income has indeed increased utility bv .01, or 1/100. 


There are two different ways of looking at the consumer's optimization decision. 
The optimum choice of X and Y can be analyzed not only as the problem of 
choosing the highest indifference curve — the maximum value of U( ) — that 
touches the budget line, but also as the problem of choosing the lowest budget 
line — the minimum budget expenditure — that touches a given indifference 
curve. We use the term duality to refer to these two perspectives. To see how tills 
principle works, consider the following dual consumer optimization problem: 
the problem of minimizing the cost of achieving a particular level of utility: 


Minimize P x X + P y Y 


subject to the constraint that 


U(X,Y) = U* 


The corresponding Lagrangian is given by 


$ = P x X + P y Y - n(U(X,Y) - U*) 


(A4.15) 


where y is the Lagrange multiplier. Differentiating <t> with respect to X, Y, and /x 
and setting the derivatives equal to zero, we find the following necessary condi- 
tions for expenditure minimization: 

P x - juMU x (X,Y) = 0 

Py - /xMUy(X,Y) = 0 


U(X,Y) = LI* 

By solving the first two equations, we see that 

y = [P x /MU x (X,Y)] = [P v /MUv(X,Y)] = 1/A 
Because it is also true that 


MU x (X,Y)/MUy(X,Y) = MRSyy = P x /Py 

the cost-minimizing choice of X and Y must occur at the point of tangency of the 
budget line and the indifference curve that generates utility LI*. Because this is 
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the same point that maximized utility in our original problem, the dual expendi- 
ture minimization problem yields the same demand functions that are obtained 
from the direct utility maximization problem. 

To see how the dual approach works, let's reconsider our Cobb-Douglas 
example. The algebra is somewhat easier to follow if we use the exponential 
form of the Cobb-Douglas utility function, Ll(X,Y) = X"Y 1- T In this case, the 
Lagrangian is given by 

$ = P x X + PyY - y[X a Y l ~ a - U*] (A4.16) 

Differentiating with respect to X, Y , and y and equating to zero, we obtain 

P x = yaU*/X 
P Y = y{ 1 - a)U*/Y 

Multiplying the first equation by X and the second by Y and adding, we get 

P x X + PyY = l±U* 

First, we let I be the cost-minimizing expenditure (if the individual does not 
spend all of his income to get utility level U*, LI* would not have maximized 
utility in the original problem). Then it follows that y = l/U*. Substituting in 
the equations above, we obtain 

X = nI/P x and Y = (1 - n)I/P y 

These are the same demand functions that we obtained before. 

Income and Substitution Effects 

The demand function tells us how any individual's utility-maximizing choices 
respond to changes in both income and the prices of goods. It is important, how- 
ever, to distinguish that portion of any price change that involves movement along 
an indifference curve from that portion which involves movement to a different indif- 
ference curve (and therefore a change in purchasing power). To make this distinc- 
tion, we consider what happens to the demand for good X when the price of X 
changes. As explained in Section 4.2, the change in demand can be divided into a 
substitution effect (the change in quantity demanded when the level of utility is 
fixed) and an income effect (the change in the quantity demanded with the level 
of utility changing but the relative price of good X unchanged). We denote the 
change in X that results from a unit change in the price of X, holding utility con- 
stant, by 

c)X/dP x |u=u* 

Thus the total change in the quantity demanded of X resulting from a unit 
change in P x is 

dX/dPy = dX/dP x \ u=u . + (dX/dI){dI/dP K ) (A4.17) 

Tire first term on the right side of equation (A4.17) is the substitution effect (because 
utility is fixed); the second term is the income effect (because income increases). 

From the consumer's budget constraint, I = P x X + P V Y, we know by differ- 
entiation that 


In §4.2, the effect of a price 
change is divided into an 
income effect and a substitution 
effect 


id.; 

f 


dI/dP x = X 


(A4.18) 
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Slutsky equation Formula 
for decomposing the effects of 
a price change into substitu- 
tion and income effects 


Suppose for the moment that the consumer owned goods X and Y. In that case, 
equation (A4.18) would tell us that when the price of good X increases by SI, the 
amount of income that the consumer can obtain by selling the good increases by 
SX. In our theory of the consumer, however, the consumer does not own the 
good. As a result, equation (A4.18) tells us how much additional income the con- 
sumer would need in order to be as well off after the price change as he was 
before. For this reason, it is customary to write the income effect as negative 
(reflecting a loss of purchasing power) rather than as a positive. Equation 
(A4.17) then appears as follows: 


dX/dP x = dX/dPxlu-ir - X(dX/dI ) 


(A4.19) 
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FIGURE A4.1 Hicksian Substitution Effect 
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The individual initially consumes market basket A. A decrease in the price of food 
shifts the budget line from RS to RT. If a sufficient amount of income is taken away 
from the individual to make him no better off than he was at A, two conditions must 
be met: The new market basket chosen must lie on line segment BT' of budget line 
RT' (which intersects RS to the right of A) and the quantity of food consumed must 
be greater than at A. 


if 


In this new form, called the Slutsky equation, the first term represents the sub- 
stitution effect: the change in demand for good X obtained by keeping utility 
fixed. The second term is the income effect: the change in purchasing power 
resulting from the price change times the change in demand resulting from a 
change in purchasing power. 

An alternative way to decompose a price change into substitution and income 
effects, which is usually attributed to John Hicks, does not involve indifference 
curves. In Figure A4.1, the consumer initially chooses market basket A on bud- 
get line RS. Suppose that after the price of food falls (and the budget line moves 
to RT), we take away enough income so that the individual is no better off (and 


| 

I 




qo worse off) than he was before. To do so, we draw a budget line parallel to RT. 
If the budget line passed through A, the consumer would be at least as satisfied as 
he was before the price change: He still has the option to purchase market basket 
A if he wishes. According to the Hicksian substitution effect, therefore, the bud- 
get line that leaves him equally well off must be a line such as RT', which is par- 
allel to RT and which intersects RS at a point B below and to the right of point A. 

Revealed preference tells us that the newly chosen market basket must lie on 
line segment BT'. Why? Because all market baskets on line segment R'B could 
have been chosen but were not when the original budget line was RS. (Recall 
that the consumer preferred basket A to any other feasible market basket.) Now 
note that all points on line segment BT' involve more food consumption than 
does basket A. It follows that the quantity of food demanded increases when- 
ever there is a decrease in the price of food with utility held constant. This nega- 
tive substitution effect holds for all price changes and does not rely on the 
assumption of convexity of preferences that we made in Section 3.1, 


Hicksian substitution effect 
Alternative to the Slutsky 
equation for decomposing 
price changes without 
recourse to indifference curves. 

In §3.4, we explain how infor- 
mation about consumer prefer- 
ences is revealed through the 
consumption choices that con- 
sumers make. 

In §3.1, we explain that an 
indifference curve is convex if 
the marginal rate of substitu- 
tion diminishes as we move 
down along the curve. 
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Which of the following utility functions are consistent 
with convex indifference curves and which are not? 

a. U(X,Y) = 2X + 5Y 

b. U(X,Y) = (XY) 3 

c. U(X,Y) = Min (X,Y), where Min is the minimum 
of tire two values of X and Y 

gener- 


2. Show that the two utility functions given below 


ate identical demand functions for goods X and Y: 

a. U(X,Y) = log(X) + log(Y) 

b. U(X,Y) = (XY)' 3 

Assume that a utility function is given by Min(X,Y), 
as in Exercise 1(c). What is the Slutsky equation that 
decomposes the change in the demand for X in 
response to a change in its price? What is the income 
effect? What is the substitution effect? 


4. Sharon has the following utility function: 

U(X,Y) = \/x 4- vy 

where X is her consumption of candy bars, with price 

P x = 51, and Y is her consumption of espressos, with 

P r = S3. 

a. Derive Sharon's demand for candy bars and es- 
presso 

b. Assume that her income I = S100. How many 
candy bars and how many espressos will Sharon 
consume? 

c. What is the marginal utility of income? 
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S o far, we have assumed that prices, incomes, and other 
variables are known with certainty. However, many of the 
choices that people make involve considerable uncertainty. 
Most people, for example, borrow to finance large purchases, 
such as a house or a college education, and plan to pay for 
them out of future income. But for most of us, future incomes 
are uncertain. Our earnings can go up or down; we can be pro- 
moted or demoted, or even lose our jobs. And if we delay buy- 
ing a house or investing in a college education, we risk price 
rise increases that could make such purchases less affordable. 
How should we take these uncertainties into account when 
making major consumption or investment decisions? 

Sometimes we must choose how much risk to bear. What, 
for example, should you do with your savings? Should you 
invest your money in something safe, such as a savings 
account, or something riskier but potentially more lucrative, 
such as the stock market? Another example is the choice of a 
job or career. Is it better to work for a large, stable company 
with job security but slim chance for advancement, or is it bet- 
ter to join (or form) a new venture that offers less job security 
but more opportunity for advancement? 

To answer such questions, we must examine the ways that 
people can compare and choose among risky alternatives. We 
will do this by taking the following steps: 

1. In order to compare the riskiness of alternative choices, we 
need to quantify risk. We therefore begin this chapter by 
discussing measures of risk. 

2. We will examine people's preferences toward risk. Most 
people find risk undesirable, but some people find it more 
undesirable than others. 

3. We will see how people can sometimes reduce or eliminate 
risk. Sometimes risk can be reduced by diversification, by 
buying insurance, or by investing in additional information. 

4. In some situations, people must choose the amount of risk 
they wish to bear'. A good example is investing in stocks or 
bonds. We will see that such investments involve trade- 
offs between the monetary gain that one can expect and 
the riskiness of that gain. 
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Describing Risk 


To describe risk quantitatively, we begin by listing all the possible outcomes of a 
particular action or event as well as the likelihood that each outcome will occur. 1 
Suppose, for example, that you are considering investing in a company that 
explores for offshore oil. If the exploration effort is successful, the company's 
stock will increase from S30 to S40 per share; if not, the price will fall to S20 per 
share Thus there are two possible future outcomes: a S40-per-share price and a 
S20-per-share price. 


probability Likelihood that 
a ‘riven outcome will occur. 


expected value Probability- 
weighted average of the val- 
ues associated with all possi- 
ble outcomes. 

payoff Value associated with 
a possible outcome. 


Probability is the likelihood that a given outcome will occur. In our example, 
the probability that the oil exploration project is successful might be 1/4 and the 
probability that it is unsuccessful 3/4. (Note that tire probabilities for all possible 
events must sum to 1 ) 

Our interpretation of probability can depend on the nature of the uncertain 
event, on the beliefs of the people involved, or both. One objective interpretation 
of probability relies on the frequency with which certain events tend to occur. 
Suppose we know that of the last 100 offshore oil explorations, 25 have suc- 
ceeded and 75 failed In that case, the probability of success of 1/4 is objective 
because it is based directly on the frequency of similar experiences. 

But what if there are no similar past experiences to help measure probability'? 
In such instances, objective measures of probability cannot be deduced and 
more subjective measures are needed. Subjective probability is the perception that 
an outcome will occur This perception may be based on a person's judgment or 
experience, but not necessarily on the frequency with which a particular out- 
come has actually occurred in the past. When probabilities are subjectively 
determined, different people mav attach different probabilities to different out- 
comes and thereby make different choices. For example, if the search for oil were 
to take place in an area where no previous searches had ever occurred, I might 
attach a higher subjective probability than you to the chance that the project will 
succeed: Perhaps I know more about the project or 1 have a better understanding 
of the oil business and can therefore make better use of our common informa- 
tion. Either different information or different abilities to process the same infor- 
mation can cause subjective probabilities to vary among individuals. 

Regardless of the interpretation of probability, it is used in calculating two 
important measures that help us describe and compare risk}' choices. One mea- 
sure tells us the expected value and the other the variability of the possible outcomes. 


The expected value associated with an uncertain situation is a weighted average 
of the pavoffs or values resulting from all possible outcomes. The probabilities 
of each outcome are used as weights. Thus the expected value measures the cen- 
tral tendency — that is, the payoff or value that we would expect on average 



' Some people distinguish between uncertainty and risk along the lines suggested some 60 years 
ago bv economist Frank Knight Uncertainty can refer to situations in which many outcomes are pos- 
sible but their likelihoods unknown Rick then refers to situations in which we can list all possible 
outcomes and know the likelihood of each occurring In this chapter, we will always refer to risky sit- 
uations but will simplify the discussion by using uncertainty and risk interchangeably 
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Our offshore oil exploration example had two possible outcomes: Success 
yields a payoff of S40 per share, failure a payoff of S20 per share Denoting 
"probability of" by Pr, we express the expected value in this case as 

Expected value = Pr(success)($40/share) 4 Pr(failure)(S20/share) 

= (1/4 )(S40/ share ) + (3/4)(S20/share) = S25/share 

More generally, if there are two possible outcomes having payoffs Xj and X 2 and 
if the probabilities of each outcome are given by Pry and Pr 2 , then the expected 
value is 

E(X) = PiyX, + Pr 2 X 2 


When there are n possible outcomes, the expected value becomes 
E(X) = PiyX, + Pr 2 X 2 + + Pr„X„ 

Variability 


Variability is the extent to which the possible outcomes of an uncertain situation 
differ. To see why variability is important, suppose you are choosing between 
two part-time sales jobs that have the same expected income ($1500). The first 
job is based entirely on commission — the income earned depends on how much 
you sell. There are two equally likely payoffs for this job: $2000 for a successful 
sales effort and $1000 for one that is less successful The second job is salaried. It 
is very likely (.99 probability) that you will earn $1510, but there is a .01 proba- 
bility that the company will go out of business, in which case you would earn 
$510 in severance pay. Table 5.1 summarizes these possible outcomes, their pay- 
offs, and their probabilities. 

Note that these two jobs have the same expected income. For Job 1, expected 
income is .5(52000) + .5(51000) = $1500; for Job 2 it is .99(51510) + .01(5510) = 
S1500. However, the variability of the possible payoffs is different. We measure 
variability by recognizing that large differences between actual and expected 
payoffs (whether positive or negative) imply greater risk. We call these differ- 
ences deviations. Table 5.2 shows the deviations of the possible incomes from 
the expected income from each of the two jobs. 


variability Extent to which 
possible outcomes of an 
uncertain event mav differ. 


deviation Difference 
between expected payoff and 
actual payoff. 
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OUTCOME 1 



DEVIATION 

SQUARED 

250,000 


OUTCOME 2 


DEVIATION 

SQUARED 

250,000 

980,100 


AVERAGE 

DEVIATION 

SQUARED 

250,000 

9,900 


STANDARD 

DEVIATION 


standard deviation Square 
root of the average of the 
squares of the deviations of 
the payoffs associated with 
each outcome from their 
expected values. 


Bv themselves, deviations do not provide a measure of variability. Why? 
Because thev aie sometimes positive and sometimes negative, and as vou can 
see from Table 5.2, the average deviation is always 0. : To get around this prob- 
lem, we square each deviation, vielding numbers that are always positive We 
then measure variability bv calculating the standard deviation: the square root 
of the average of the squares of the deviations of the payoffs associated with each 
outcome from their expected value ' 

Table 5.3 shows the calculation of the standard deviation for our example. 
Note that the average of the squared deviations under Job 1 is given by 

5($250,000) -t 5(S250,000) = $250,000 

The standard deviation is therefore equal to the square root of 5250,000, or $500. 
Likewise, the average of the squared deviations under job 2 is given by 

99( S100J - .01(5980,100) = 59900 

The standard deviation is the square root of 59,900, or 599.50. Thus the second 
job is much less risky than the first; the standard deviation of the incomes is 
much lower. 4 

The concept of standard deviation applies equally well when there are many 
outcomes rather than just two. Suppose, for example, that the first job vields 
incomes ranging from 51000 to 52000 in increments of S100 that are all equally 
likelv The second job yields incomes from S1300 to $1700 (again in increments of 
5100) that are also equally likely. Figure 5.1 shows the alternatives graphically. (If 
there had been only two equally probable outcomes, then the figure would be 
drawn as two vertical lines, each with a height of 0.5.) 

You can see from Figure 5.1 that the first job is riskier than the second The 
"spread" of possible payoffs for the first job is much greater than the spread for 
the second. As a result, the standard deviation of the payoffs associated with the 
first job is greater than that associated with the second. 

In this particular example, all payoffs are equally likely. Thus the curves 
describing the probabilities for each job are flat. In many cases, however, some 


~ For Job 1, the average deviation i« 5(S500| - 5< $500) = 0: for Job 2 it is ,99( S10) - 01(-S990i = 0. 

Another measure of variability, variance, is the square of the standard deviation. 

’ In general, when there are two outcomes with payoffs X- and X ; . occurring with probability IN 
and Pr ; , and E(Xi is the expected value oi the outcomes, the standard deviation is given by cr, u here 

<t~ - Pr,[(X, - £(X))\ - PrTfX, - £(-X)) 2 j 
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FIGURE 5.1 Outcome Probabilities for Two Jobs 


Tire distribution of payoffs associated with Job 1 has a greater spread and a greater 
standard deviation than the distribution of payoffs associated with Job 2. Both distri- 
butions are flat because all outcomes are equally likely. 


payoffs aie mote likely than others. Figure 5.2 shows a situation in which the 
most extreme payoffs are the least likely. Again, the salary from Job 1 has a 
greater standard deviation. From this point on, we will use the standard devia- 
tion of payoffs to measure degree of risk. 


Suppose you aie choosing between the two sales jobs described in our original 
example. Which job would you take? If you dislike risk, you will take the second 
job; It offers the same expected income as the first but with less risk. But suppose 



^FIGURE 5.2 Unequal Probability Outcomes 


The distribution of payoffs associated with Job 1 has a greater spread and a greater 
standard deviation than the distribution of payoffs associated with Job 2. Both distri- 
butions are peaked because the extreme payoffs are less likely than those near the 
middle of tire distribution. 
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3m Sales Jobs— Modified (S) 




DEVIATION 


DEVIATION 

EXPECTED 

STANDARD 


OUTCOME i 

SQUARED 

OUTCOME 2 

SQUARED 

INCOME 

DEVIATION 

Job 1 

2,100 

250,000 

1,100 

250,000 

1,600 

500 

Job 2 

1,510 

100 

510 

980,100 

1,500 

99.50 


we add $100 to each of the payoffs in the first job, so that the expected payoff 
increases from $1500 to $1600. Table 5.4 gives the new earnings and the squared 
deviations. 

The two jobs can now be described as follows: 


Job 1: Expected income = $1600 

Job 2: Expected income = $1500 


Standard deviation = $500 
Standard deviation = $99,50 


Job 1 offers a higher expected income but is much riskier than Job 2. Which job is 
preferred depends on the individual. While an aggressive entrepreneur who 
doesn't mind taking risks might choose Job 1, witli the higher expected income 
and higher standard deviation, a more conservative person might choose the 
second job. 

People's attitudes toward risk affect many of the decisions they make. In 
Example 5.1 we will see how attitudes toward risk affect people's willingness to 
break the law, and how this has implications for the fines that should be set for 
various violations. Then in Section 5.2, we will further develop our theory of 
consumer choice by examining people's risk preferences in greater detail. 



F ines may be better than incarceration in deterring certain types of crimes, 
such as speeding, double-parking, tax evasion, and air polluting. D A person 
choosing to violate the law in these ways has good information and can reason- 
ably be assumed to be behaving rationally. 

Other tilings being equal, the greater the fine, the more a potential criminal 
will be discouraged from committing the crime. For example, if it cost nothing 
to catch criminals and if the crime imposed a calculable cost of $1000 on society 
we might choose to catch all violators and impose a fine of $1000 on each This 
practice would discourage people whose benefit from engaging in the activity 
was less than the $1000 fine. 

In practice, however, it is very costly' to catch lawbreakers. Therefore, vve 
save on administrative costs by' imposing relatively high fines (which are no 
more costly to collect than low fines), while allocating resources so that only a 


5 This discussion builds indirectly on Gary S. Becker, "Crime and Punishment: An Economic 
Approach," Journal of Political Economy (March/April 1968): 169-217. See also Mitchell Polinsky and 
Steven Shavell, "The Optimal Tradeoff Between the Probability and the Magnitude of Fines, 
American Economic Review 69 (December 1979): 880-91 
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fraction of the violators are apprehended. Thus the size of the fine that must be 
imposed to discourage criminal behavior depends on the attitudes toward risk 
of potential violators. 

Suppose that a city' wants to deter people from double-parking. By double- 
parking, a typical resident saves $5 in terms of his own time for engaging in 
activities that are more pleasant than searching for a parking space, if it cost 
nothing to catch a double-parker, a fine of just over $5 — say', $6 — should be 
assessed every time he double-parked. This policy' will ensure that the net ben- 
efit of double-parking (the $5 benefit less the $6 fine) would be less than zero. 
He will therefore choose to obey the law. In fact, all potential violators whose 
benefit was less than or equal to $5 would be discouraged, while a few whose 
benefit was greater than $o (say, someone who double-parks because of an 
emergency) would violate the law. 

Inpiactice, it is too costly' to catch all violators. Fortunately, it's also unnec- 
essary. The same deterrence effect can be obtained by assessing a fine of $50 
and catching only one in ten violators (or perhaps a fine of S500°vith a one-in- 
100 chance of being caught). In each case, the expected penalty is $5, i.e., 
[S50][.l] or [$500][.01], A policy that combines a high fine and a low probabil- 
ity of apprehension is likely to reduce enforcement costs. This approach is 
especially effective if drivers don't like to take risks. In our example, a $50 fine 
with a .1 probability of being caught might discourage most people from vio- 
lating the law. We will examine attitudes toward risk in the next section. 
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We used a job example to show how people might evaluate risky outcomes, but 
the principles apply equally well to other choices. In this section, we concentrate 
on consumer choices generally and on the utility that consumers obtain from 
choosing among risky alternatives. To simplify things, we'll consider the utility 
that a consumer gets from his or her income— or, more appropriately' the market 
basket that the consumer's income can buy. We now measure payoffs, therefore, 
in terms of utility rather than dollars. 

Figure 5.3(a) shows how we can describe one woman's preferences toward 
risk. Tire curve 0 £, which gives her utility function, tells us the level of utility' (on 
the vertical axis) that she can attain for each level of income (measured in thou- 
san s of dollars on the horizontal axis). The level of utility increases from 10 to 
16 to 18 as income increases from $10,000 to $20,000 to $30,000. But note that 
TnTT is diminishing, falling from 10 when income increases from 0 to 
6iU,000, to 6 when income increases from $10,000 to $20,000, and to 2 when 
income increases from $20,000 to $30,000. 

. Now suppose that our consumer has an income of $15,000 and is consider- 
ing a new but risky sales job that will either double her income to $30,000 or 
cause it to fall to $10,000. Each possibility has a probability of .5. As Figure 
3 - (a) shows, the utility level associated with an income of $10,000 is 10 (at 
Point A) and the utility level associated with an income of $30,000 is 18 (at £). 

he risky job must be compared with the current $15,000 job, for which the util- 
ity is 13 (at B). 


In §3.1, we explained that a 
utility' function assigns a level 
of utility to each possible 
market basket. 

In §3.2, marginal utility is 
described as the additional sat- 
isfaction obtained by consum- 
ing an additional amount of a 
good. 
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People differ in their preferences toward risk. In (a), a consumer's marginal utility diminishes as income increases. 
The consumer is risk averse because she would prefer a certain income of $20,000 (with a utility of 16) to a gamble 
with a .5 probability of $10,000 and a .5 probability of $30,000 (and expiected utility of 14). In (b), the consumer is risk 
loving: She would prefer the same gamble (with expected utility of 10.5) to the certain income (with a utility of 8). 
Finally, the consumer in (c) is risk neutral and indifferent between certain events and uncertain events with the same 
expected income. 
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To evaluate the new job, she can calculate the expected value of the resulting 
income. Because we are measuring value in terms of the woman's utility, we 
expected utility Sum of the must calculate the expected utility E(») that she can obtain. The expected utility 
utilities associated with all is f/ ;e siun 0 f fj ie utilities associated with all possible outcomes, weighted by the probnbil- 

bydleprobS^hat'lac^ /h/ t,,at each ouicome wiU occur - In this case expected utility is 

outcome will occur 

E((/) = (l/2)i/($10,000) + (l/2)n($30,000) = 0.5(10) + 0.5(18) = 14 
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The new, risky job is thus preferred to the original job because the expected util- 
of 14 is greater than the original utility of 13. 

The old job involved no risk— it guaranteed an income of $15,000 and a utility 
level of 13. The new job is risky but offers both a higher expected income 
(S2 0,000) and, more importantly, a higher expected utility. If the woman wishes 
to increase her expected utility, she will take the riskv job 


it Preferences Seward Risk. 

People differ in their willingness to bear risk. Some are risk averse, some risk 
loving, and some iisk neutial. An individual who is risk averse prefers a certain 
given income to a risky income with the same expected value. (Such a person 
has a diminishing marginal utility of income.) Risk aversion is the most common 
attitude toward risk. To see that most people are risk averse most of the time 
note that most people not only buy life insurance, health insurance, and car 
insurance, but also seek occupations with relatively stable wa<ms. 

Figure 5.3(a) applies to a woman who is risk averse. Suppose she can have 
either a certain income of S20,000, or a job yielding an income of $30 000 with 
probability .5 and an income of SI 0,000 with probability .5 (so that the expected 
income is $20,000). As we saw, the expected utility of the uncertain income is 
14 an average of the utility at point ,4 (10) and the utility at E (IS)— and is 
shown by F. Now we can compare the expected utility associated with the risky 
job to the utility generated if 520,000 were earned without risk. This latter utility 
level, 16, is given by D m Figure 5.3(a). It is clearly greater than the expected util- 
ity ot 14 associated with the risky job. 

For a risk-averse person, losses are more important (in terms of the change in 
utility) than gains. Again, this can be seen from Figure 5.3(a). A 510,000 increase 
in income, from $20,000 to $30,000, generates an increase in utility of two units- a 

S10,000 decrease in income, from 520,000 to 510,000, creates a loss of utility of six 
units. 

A person who is risk neutral is indifferent between a certain income and an 
uncertain income with the same expected value. In Figure 5.3(c) the utility asso- 
ciated with a job generating an income of either 510,000 or 530,000 with equal 
probability is 12, as is the utility of receiving a certain income of 520,000 As you 

can see from the figure, the marginal utility of income is constant for a risk- 
neutral person/' 

Finally, an individual who is risk loving prefers an uncertain income to a cer- 
fin one ' even lf the expected value of the uncertain income is less than that of 
the certain income. Figure 5.3(b) shows this third possibility. In this case, the 
expec ed utility of an uncertain income, which will be either 510,000 with proba- 

i} aor 5 j 0,000 with probability .5, is higher than the utility associated with a 
certain income of 520,000. Numerically, 

E( “) = -5n(S10,000) + .5n(S30,000) = .5(3) + .5(18) = 10.5 > u(S20,000) = 8 

w; ? f C ° Urse some P eo P le ma 7 be av erse to some risks and act like risk lovers 
, r respect to otbers - For example, many people purchase life insurance and 
conservative with respect to their choice of jobs, but still enjoy gambling. 

A^;^nrp£uL?H k n ni lT ra1 ' the inCOme * ey earn can be used an indicator of well-being. 
BiJemrZi doub , les incomes would then also double their utility. At the same time 

would not affecUheir well bein- Risk neutrTt Ple I With ° Ut chan S hl S their expected incomes! 
might be associated with tin =. ff p k n utrallt > f°" s a person to avoid the complications that 
associated w ith the effects of governmental actions on the riskiness of outcomes. 


risk averse Preferring a cer- 
tain income to a risky income 
with the same expected value. 


risk neutral Being indiffer- 
ent between a certain income 
and an uncertain income with 
the same expected value. 


risk loving Preferring a 
risky income to a certain 
income with the same 
expected value. 
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risk premium Maximum 
amount of money that a risk- 
averse person will pay to 
avoid taking a risk. 


Some criminologists might describe criminals as risk lovers, especially if they 
commit crimes despite a high prospect of apprehension and punishment. Except 
for such special cases, however, few people are risk loving, at least with respect 
to major purchases or large amounts of income or wealth. 

Bislc Premium The risk premium is the maximum amount of money that a 
risk-averse person will pay to avoid taking a risk. In general, the magiiitude of 
the risk premium depends on the risky alternatives that the person faces. To 
determine the risk premium, we have reproduced the utility function of Figure 
5 3(a) in Figure 5.4 and extended it to an income of §40,000. Recall that an 
expected utility of 14 is achieved by a woman who is going to take a risky job 
with an expected income of §20,000. This outcome is shown graphically by 
drawing a horizontal line to the vertical axis from point F, which bisects straight 
line AE (thus representing an average of $10,000 and $30,000). But the utility 
level of 14 can also be achieved if the woman has a certain income of $16,000, as 
shown by dropping a vertical line from point C. Thus the risk premium of $4000, 
aiven by line segment CF, is the amount of expected income ($20,000 minus 
$16,000)" that she would give up in order to remain indifferent between the risky 

job and the safe one. 

Risk Aversion and Income The extent of an individual's risk aversion 
depends on the nature of the risk and on the person's income. Other things 
beirw equal, risk-averse people prefer a smaller variability of outcomes. We saw 
that when there are two outcomes — an income of $10,000 and an income of 
$30,000 — the risk premium is $4000. Now consider a second risky job, involving a 
.5 probability of receiving an income of $40,000 and, as shown in Figure 5.4, with a 


utility level of 20; and a .5 probability of getting an income of §0, with a utility- level 
0 f 0. The expected income is again §20,000, but the expected utility- is only 10: 

Expected utility? = ,5»(S0) 4- .5;((§40,000) = 0 4- .5(20) = 10 

Because the utility of having a certain income of §20,000 is 16, our consumer 
loses 6 units of utility if she is required to accept the job. The risk premium in this 
case is equal to §10,000 because the utility of a certain income of §10,000 is 10: 
She is willing to give up §10,000 of her §20,000 expected income to ensure a cer- 
tain income of §10,000 with the same level of expected utility--. Thus the greater 
the variability, the more a person is willing to pav to avoid a risky situation. 


Risk Aversion and Indifference Curves We can also describe the extent 
of a person's risk aversion in terms of indifference curves that relate expected 
income to the variability of income, where the latter is measured by tire standard 
deviation. Figure 5.5 shows such indifference curves for two individuals, one 
who is very? risk averse and another who is only slightly? risk averse. Each indif- 
ference curve shows the combinations of expected income and standard devia- 
tion of income that give the individual the same amount of utility. Observe that 
all of the indifference curves are upward sloping: Because risk is undesirable, the 
greater the amount of risk, the greater the expected income needed to make the 
individual equally well off. 

Figure 5.5(a) describes an individual who is highly risk averse. Observe that 
an increase in the standard deviation of income requires a large increase in 
expected income to leave this person equally well off. Figure 5.5(b) applies to a 
slightly risk-averse person. In this case, a large increase in the standard devia- 
tion of income requires only a small increase in expected income. 


In §3.1, we define an indiffer- 
ence curve to be all market 
baskets that generate the same 
level of satisfaction for a 
consumer. 




Expected 

Income 
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(a) 


Aversion and Indifference Curves 


(b) 




Bart (a) applies to a person who is highly risk averse: An increase in this individual's standard deviation of income 
requires a large increase in expected income if he is to remain equally? well off. Part (b) applies to a person who is only? 
slightly risk averse: An increase in the standard deviation of income requires only a small increase in expected income 
if she is to remain equally well off. 
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We will return to the use of indifference curves as a means of describing risk 
aversion in Section 5.4, where we discuss the demand for risky assets. First, 
however, we will turn to the ways in which an individual can reduce risk. 


A re business executives more risk loving than most people? When they are 
presented with alternative strategies, some risky, some safe, which do they 
choose? In one studv, 464 executives were asked to respond to a questionnaire 
describing risky situations that an individual might face as \ ice piesident of a 
hypothetical company? Respondents were presented with four risky events, 
each of which had a given probability of a favorable and unfavorable outcome. 
The payoffs and probabilities were chosen so that each event had the same 
expected value In increasing order of the risk involved (as measured by the 
difference between the favorable and unfavorable outcomes), the four items 
were: 

1. A lawsuit involving a patent violation 

2. A customer threat concerning the supplying of a competitor 

3. A union dispute 

4. A joint venture with a competitor 

To gauge their willingness to take or avoid risks, researchers asked respondents 
a series of questions In different situations, they could opt to dela\ a choice, to 
collect information, to bargain, or to delegate a decision Each option permitted 
respondents to avoid taking risks or to modify the risks that they would take 
later. 

The study found that executives vary substantially in their preferences 
toward risk’ Roughly 20 percent indicated that they were relatively neutral 
toward risk; 40 percent opted for the more risky alternatives; and 20 percent 
were clearly risk averse (20 percent did not respond). More importantly, execu- 
tives (including those who chose risky alternatives) typically made effoits to 
reduce or eliminate risk, usually' by' delaying decisions and collecting more 
information. 

In general, risk can arise when the expected gain is eithei positi\ e (e.g., a 
chance for a large reward versus a small one) or negative (e.g., a chance for a 
large loss or for no loss). The study found that differing preferences toward risk 
depended on whether a given risk involved gains or losses In general, those 
who liked risky situations did so when losses were involved. (Perhaps they 
were willing to gamble against a large loss in the hope of breaking e\en.- 
However, when the risks involved gains, the same executives were more con 
servative, opting tor the less riskv alternatives ' 


7 This example is based on Kenneth R MacCrimmon and Donald A VVehrung, "The Risk In- 
Basket," lournat of Business 57 (19S4): 367-S7 

s Interestingly, some people treat the risk of a small gain in income very differently from the risk of a 
small loss. Prospect tlicom, developed by psychologists Daniel Kalineman and Amos T\ eisky lie P 4 f 
explain this phenomenon See "Rational Choice and the Framing of Decisions," Journal of BiismessO 
(1986): S251-78, and "Prospect Theory: An Analysis of Decision under Risk," Economclnca 4, (W/ )■ 
263-92 
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£] ie recent growth in state lotteries shows, people sometimes choose risky 
alternatives that suggest risk-loving rather than risk-averse behavior. In the face 
f a proad variety of risky situations, however, people are generally risk averse. 
In this section, we describe three wavs bv which consumers and managers com- 
monly reduce risks: diversification, insurance, and obtaining more information about 
choices and payoffs. 

Diversifeeafion 

Recall the old saying, "Don't put all your eggs in one basket." Ignoring this 
advice is unnecessarily risky: If your basket turns out to be a bad bet, all will be 
lost. Instead, one can reduce risk through diversification: allocating one's 
resources to a variety of risky situations. 

Suppose, for example, that you plan to take a part-time job selling appliances 
on a commission basis. You can decide to sell only air conditioners or only 
heaters, or you can spend half your time selling each Of course, you can't be 
sure how hot or cold the weather will be next year. How should you apportion 
your time in order to minimize the risk involved in the job? 

Risk can be minimized by diversification — by allocating your time so that you 
sell two or more products (whose sales are not closely related) rather than a sin- 
gle product. Suppose there is a 0.5 probability that it will be a relatively hot year, 
and a 0.5 probability that it will be cold. Table 5.5 gives the earnings that you can 
make selling air conditioners and heaters 

If you sell onlv air conditioners or only heaters, your actual income will be 
either $12,000 or S30,000, but your expected income will be $21,000 
(.5[S30,000] + ,5[S12,000j) But suppose you diversify by dividing your time 
evenlv between the two products. In that case, vour income will certainly be 
$21,000, regardless of the weather. If the weather is hot, you will earn 515,000 
from air conditioner sales and S6000 from heater sales; if it is cold, you will earn 
$6000 from air conditioners and 515,000 from heaters. In this instance, diversifi- 
cation eliminates all risk. 

Of course, diversification is not always this easy. In our example, heater and 
air conditioner sales are negatively correlated — they tend to move in opposite 
directions. In other words, whenever sales of one are strong, sales of the other 
are weak. But the principle of diversification is a general one: As long as you can 
allocate your resources toward a variety of activities whose outcomes are not 
closely related, you can eliminate some risk. 


diversification Reducing 
risk bv allocating resources to 
a variety of activities whose 
outcomes are not closelv 
related. 


negatively correlated Having 
a tendency to move in oppo- 
site directions (said of two 
variables). 


Ihe Sloe..: Market Diversification is especially important for people who 
invest in the stock market. On any given day, the price of an individual stock can 
go up or down by a large amount, but some stocks rise in price while others fall. 
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positively correlated Having 
a tendency to move in the 
same direction. 


An individual who invests all her money in a single stock (i.e., puts all her egg s 
in one basket) is therefore taking much more risk than is necessary. Risk can be 
reduced — although not eliminated — by investing in a portfolio of ten or twenty 
different stocks. Equivalently, you can diversify by buying shares in mutual 
funds: organizations that pool funds of individual investors to buy a large num- 
ber of different stocks. 

In the case of the stock market, not all risk is diversifiable. Although some 
stocks go up in price when others go down, stock prices are to some extent posi- 
tively correlated: they tend to move in the same direction in response to changes 
in economic conditions. For example, the onset of a severe recession, which is 
likely to reduce the profits of many companies, may be accompanied by a 
decline in the ov erall market. Even with a diversified portfolio of stocks, there- 
fore, vou still face some risk 


We have seen that risk-averse people are willing to pay to avoid risk. In fact, if 
the cost of insurance is equal to the expected loss (e.g., a policy with an expected 
loss of S1000 will cost 51000), risk-averse people will buy enough insurance to 
recover fully from anv financial losses they might suffer. 

Why? The answer is implicit in our discussion of risk aversion. Buying insur- 
ance assures a person of having the same income whether or not there is a loss. 
Because the insurance cost is equal to the expected loss, this certain income is 
equal to the expected income from the risky situation. For a risk-averse con- 
sumer, the guarantee of the same income regardless of the outcome generates 
more utility than would be the case if that person had a high income when there 
was no loss and a low income when a loss occurred. 

To clarify this point, let's suppose a homeowner faces a 10- percent probability 
that his house will be burglarized and he will suffer a S10,000 loss. Let's assume 
he has S50,000 worth of property. Table 5.6 shows his wealth in two situations— 
with insurance costing S1000 and without insurance 

Note that expected wealth is the same (S49,000) in both situations The vari- 
ability, however, is quite different: As the table shows, with no insurance the 
standard deviation of wealth is S3000, whereas with insurance it is 0. If there is 
no burglary, the uninsured homeowner gains SI 000 relative to the insured 
homeowner. But with a burglary 7 , the uninsured homeowner loses S9000 relative 
to the insured homeowner. Remember: for a risk-averse individual, losses count 
more (in terms of changes in utility) than gains. A risk-averse homeowner, there- 
fore, will enjoy higher utility 7 by purchasing insurance 

1 lie Law of Large Numbers Consumers usually buy insurance from com- 
panies that specialize in selling it. Insurance companies are firms that offer 
insurance because they know that when they sell a large number of policies, 


TABLE 5.6 The Decision 


jffTi.*EOCr?©(® 


INSURANCE BURGLARY (PR = .1) NO BURGLARY (PR = .9) EXPECTED WEALTH STANDARD DEVIATION 



No 

Yes 


40.000 

49.000 


50.000 

49.000 


49,000 

49,000 


3,000 

0 
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they face relatively little risk. The ability to avoid risk by operating on a large 
scale is based on the law of large numbers, which tells us that although single 
events may be random and largely unpredictable, the average outcome of many 
similar' events can be predicted. For example, I may not be able to predict 
whether a coin toss will come out heads or tails, but I know that when many 7 
coins are flipped, approximately half will turn up heads and half tails Likewise, 
if I am selling automobile insurance, I cannot predict whether a particular driver- 
will have an accident, but 1 can be reasonably sure, judging from past experi- 
ence, about how many accidents a large group of drivers will have. 

Actuarial raimess By operating on a large scale, insurance companies can 
assure themselves that over a sufficiently large number of events, total premi- 
ums paid in will be equal to the total amount of monev paid out. Let's return to 
our burglary example. A man knows that there is a 10-percent probability that 
his house will be burgled; if it is, he will suffer a S10,000 loss. Prior to facing this 
risk, he calculates the expected loss to be S1000 (.10 x 510,000). There is, how- 
ever, substantial risk involved, because there is a 10-percent probability of a large 
loss. Now suppose that 100 people are similarly situated and that all of them 
buy burglary insurance from an insurance company. Because they all face a 10- 
percent probability of a 510,000 loss, the insurance company might charge each 
of them a premium of SI 000. This S1000 premium generates an insurance fund 
of S100.000 from which losses can be paid The insurance company can rely on 
the law of large numbers, which holds that the expected loss to the 100 individu- 
als as a whole is likely to be very close to S1000 each. The total payout, therefore, 
will be close to 5100,000, and the company need not worry about losing more 
than that. 

When the insurance premium is equal to the expected payout, as in the exam- 
ple above, we say that the insurance is actuarially fair. Because they must cover 
administrative costs and make some profit, however, insurance companies typi- 
cally charge premiums above expected losses. If there are a sufficient number of 
insurance companies to make the market competitive, these premiums will be 
close to actuarially fair levels. In some states, however, insurance premiums are 
regulated Usually the objective is to protect consumers from "excessive" premi- 
ums. We will examine government regulation of markets in detail in Chapters 9 
and 10 of this book. 


example 5.3 The Value of Title Insurance When Buying a House 


C uppose a family is buying its first house. They know that to close the sale, 
CP they'll need a deed that gives them clear "title." Without such a clear title! 
theie is always a chance that the seller of the house is not its true owner. Of 
course, the seller could be engaging in fraud but is more likely to be unaware of 
the exact nature of his or her ownership rights. For example, the owner may 
har e borrowed heavily, using the house as "collateral" for the loan. Or the 
pioperty might carry with it a legal requirement that limits the use to which it 
may be put 

Suppose our family is willing to pay S200,000 for the house but believes 
there is a one-in-twenty chance that careful research will reveal that the seller 
. oes n °t actually own the property. The property would then be worth noth- 
ln g- If there were no insurance available, a risk-neutral family would bid at 


actuarially fair Situation in 
which an insurance premium 
is equal to the expected payout. 
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value of complete information 

Difference between the 
expected value of a choice 
when there is complete 
information and the expected 
value when information is 
incomplete. 


SMI 


■ 


most $190,000 for the property (.95L$200,000] + .05|0J). However, a fa mil 
that expects to tie up most of its assets in a house would probably be risk aver 
and, therefore, bid much less to buy the house — say, $150,000. 

In situations such as this, it is clearly in the interest of the buyer to be srtr 
that there is no risk of a lack of full ownership. The buyer does this by purcha 
mg "title insurance." The title insurance company researches the history of th 
property, checks to see whether any legal liabilities are attached to it, and ger 
erally assures itself that there is no ownership problem. The insurance co 
pany then agrees to bear any remaining risk that might exist. 

Because the title insurance company is a specialist in such insurance and c 
collect the relevant information relatively easily, the cost of title insurance i< 
often less than the expected value of the loss involved. A fee of $1,000 for tit 
insurance is not unusual, and the expected loss can be substantially higher. It 
also in the interest of sellers to provide title insurance, because all but the mo: 
risk-loving buyers will pay much more for the house when it is insured than 
when it is not. In fact, most states require sellers to provide title insurance 
before a sale can be completed In addition, because mortgage lenders, too, are 
concerned about such risks, they usually require new buyers to have title insur 


[ 




ance before they will issue a mortgage. 


The WaiSue of information 

People often make decisions based on limited information. If more informatie 
were available, one could make better predictions and reduce risk. Becau 
information is a valuable commodity, people will pay for it. The value of com 
plete information is the difference between the expected value of a choice when 
there is complete information and the expected value when information is 
incomplete. 

To see how valuable information can be, suppose you are a store manager and 
must decide how many suits to order for the fall season. If you order 100 suits, 
your cost is $180 per suit. If you order only 50 suits, your cost increases to $200. 
You know that you will be selling suits for $300 each, but you are not sure what 
total sales will be. All suits not sold can be returned, but for only half of what 
you paid for them. Without additional information, you will act on your belief 
that there is a .5 probability that 100 suits will be sold and a .5 probability that 
sales will be 50. Table 5.7 gives the profit that you would earn in each of these 
two cases. 

Without additional information, you would choose to buy' 100 suits if yo 
were risk neutral, taking the chance that your profit might be either $12,000 C* 
$1500. But if you were risk averse, you might buy' 50 suits: In that case, y'ou 
would know' for sure that y'our profit would be $5000. 


GJl&.z/ RMugt 


SALES OF 50 


SALES OF 100 


EXPECTED 

PROFIT 


Buy 50 suits 
Buy 100 suits 
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With complete information, y r ou can place the correct order regardless of 
future sales. If sales were going to be 50 and you ordered 50 suits, y'our profits 
’ould be $5000. If, on the other hand, sales were going to be 100 and you 
ordered 100 suits, your profits would be $12,000. Because both outcomes are 
equally likely, your expected profit with complete information would be $8500. 
The value of information is computed as 


Expected value with complete information: 
Expected value with uncertainty' (buy' 100 suits): 
Value of complete information 


$8500 
— $6750 
$1750 


Thus it is worth paying up to $1750 to obtain an accurate prediction of sales. 
Even though forecasting is inevitably' imperfect, it may be worth investing in a 
marketing study' that provides a reasonable forecast of next year's sales. 


ample 5.4 The Value of Information in the Dairy Industry 

. HI vvT* .-h.~ - . , ■ : '--...a..' V 


H istorically, the U.S. dairy industry has allocated its advertising expendi- 
tures more or less uniformly' throughout the year. 9 But per capita con- 
sumption of milk has declined over the y'ears — a situation that has stirred pro- 
ducers to look for new strategies to encourage milk consumption. One strategy' 
would be to increase advertising expenditures and to continue advertising at a 
uniform rate throughout the year. A second strategy would be to invest in mar- 
ket research in order to obtain more information about the seasonal demand for 
milk; marketers could then reallocate expenditures so that advertising was 
most intense when the demand for milk was greatest. 

Research into milk demand shows that sales follow a seasonable pattern, 
with demand greatest during the spring and lowest during the summer and 
early fall. The price elasticity of milk demand is negative but small and the 
income elasticity' positive and large. Most important is the fact that milk adver- 
tising has the most effect on sales when consumers have the strongest prefer- 
ence for the product (March, April, and May') and least when preferences are 
weakest (August, September, and October). 

In this case, the cost of obtaining seasonal information about milk demand is 
relatively' low and the value of the information substantial. To estimate this 
value, we can compare the actual sales of milk during a ty'pical y'ear with sales 
levels that would have been reached had advertising expenditures been made 
in proportion to the strength of seasonal demand. In the latter case, 30 percent 
of the advertising budget would be allocated in the first quarter of the y'ear and 
only' 20 percent in the third quarter. 

Making these calculations for the New York metropolitan area shows that 
the value of information — the value of the additional annual milk sales — was 
about $4 million. This figure corresponds to a 9-percent increase in the profit to 
producers. 


This example is based on Henry Kinnucan and Olan D Forker, "Seasonality in the Consumer 
‘Response to Milk Advertising with Implications for Milk Promotion Policy," American Journal of 
Agricultural Economics 68 (1986): 562-71. 


In §4.4, we define the price 
elasticity of demand as the per- 
centage change in quantity 
demanded resulting from a 
1-percent change in the price 
of a good . 
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Ine Demand for Kisl 


Most people are risk averse. Given a choice, they prefer fixed monthly income; 
to those which, though equally large on average, fluctuate randomly fronj 
month to month. Yet many of these same people will invest all or part of thei: 
savings in stocks, bonds, and other assets that carry 7 some risk. Why do risk 
averse people invest in the stock market and thereby risk losing part or all o 
their investments? 10 How do people decide how much risk to bear when making 
investments and planning for the future? To answer these questions, we mus 
examine the demand for risky 7 assets. 


asset Something that pro- 
vides a flow of money or 
services to its owner. 


risky asset Asset that 
provides an uncertain flow 
of money or services to its 
owner. 




An asset is something that provides a flow of money or services to its owiiei. A home, 
an apartment building, a savings account, or shares of General Motors stock a: 
all assets. A home, for example, provides a flow of housing services to its owne 
and if the owner did not wish to live there, could be rented out, thereby provid 
ing a monetary flow. Likewise, apartments in an apartment building can b 
rented out, providing a flow of rental income to the owner of the building. ? 
savings account pay 7 s interest (usually every 7 day or every month), which is usu- 
ally 7 reinvested in the account. 

The monetary flow that one receives from asset ownership can take the form of 
an explicit pay 7 ment, such as the rental income from an apartment building. Every 
month, the landlord receives rent checks from the tenants. Another form of ex- 
plicit payment is the dividend on shares of common stock: Every three months 
the owner of a share of General Motors stock receives a quarterly dividend payment. 

But sometimes the monetary flow from ownership of an asset is implicit. It 
takes the form of an increase or decrease in the price or value of the asset. An 
increase in the value of an asset is a capital gain, a decrease a capital loss. For 
example, as the population of a city 7 grows, the value of an apartment building 
may increase. The owner of the building will then earn a capital gain beyond the 
rental income. The capital gain is unrealized until the building is sold because no 
money is actually received until then. There is, however, an implicit monetary 
flow because the building could be sold at any time. The monetary flow from 
owning General Motors stock is also partly implicit. The price of the stoc 
changes from day to day, and each time it does, owners gam or lose. 


Riskw and Riskless Assets 




A risky asset provides a monetary flow that is at least in part random. In othi 
words, the monetary 7 flow is not known with certainty in advance. A share i 
General Motors stock is an obvious example of a risky 7 asset: You cannot kno 
whether the price of the stock will rise or fall over time, nor can you even be sui> 
that the company will continue to pay the same (or any) dividend per shar 
Although people often associate risk with the stock market, most othei assets a 
also risky 7 . 




10 Most Americans have at least some money invested in stocks or other risky assets, though ofte 
indirectly. For example, many people who hold full-time jobs have shares in pension funds unci 
written in part by their own salary contributions and in part by employer contributions. Usua 
such funds are invested partly in the stock market. 
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^ apartment building is one example. You cannot know how much land val- 
ues will rise or fall, whether the building will be fully 7 rented all the time, or even 
vhether the tenants will pay 7 their rents promptly 7 . Corporate bonds are another 
example — the issuing corporation could go bankrupt and fail to pay bond own- 
ers their interest and principal. Even long-term U.S. government bonds that 
mature in 10 or 20 years are risky. Although it is highly unlikely that the federal 
vernment will go bankrupt, the rate of inflation could unexpectedly increase 
and make future interest payments and the eventual repay'ment of principal 
worth less in real terms, thereby reducing the value of the bonds. 

In contrast, a riskless (or risk-free) asset pays a monetary flow that is known 
with certainty 7 Short-term U.S. government bonds — called Treasury bills — are 
riskless, or almost riskless. Because these bonds mature in a few months, there is 
very little risk from an unexpected increase in the rate of inflation. You can also 
be reasonably confident that the U.S. government will not default on the bond 
(i.e., refuse to pay back the holder when the bond comes due). Other examples of 
riskless or almost riskless assets include passbook savings accounts and short- 
term certificates of deposit. 


Asset Returns 

People buy and hold assets because of the monetary flows they provide. To com- 
pare assets with each other, it helps to think of this monetary flow relative to an 
asset's price or value. The return on an asset is the total monetary flow it yields — 
including capital gains or losses — as a fraction of its price. For example, a bond 
worth $1000 today that pays out $100 this year (and every year) has a return of 
10 percent, 11 If an apartment building was worth $10 million last year, increased 
in value to $11 million this year, and also provided rental income (after 
expenses) of $0.5 million, it would have yielded a return of 15 percent over the 
past year. If a share of General Motors stock was worth $80 at the beginning of 
the year, fell to $72 by the end of the year, and paid a dividend of $4, it will have 
yielded a return of - 5 percent (the dividend yield of 5 percent less the capital 
loss of 10 percent). 

When people invest their savings in stocks, bonds, land, or other assets, they 
usually hope to earn a return that exceeds the rate of inflation, so that by 7 delay 7 - 
ing consumption, they could buy 7 more in the future than they could by 7 spending 
all their income now. Thus we often express the return on an asset in real — i.e., 
inflation-adjusted — terms. The real return on an asset is its simple (or nominal) 
return less the rate of inflation. For example, with an annual inflation rate of 
5 percent, our bond, apartment building, and share of GM stock have yielded 
real returns of 5 percent, 10 percent, and — 10 percent, respectively 7 . 


1 


Expected versus Actual Returns Because most assets are risky, an 
investor cannot know in advance what returns they 7 will y'ield over the coming 
year. For example, our apartment building might have depreciated in value 


The price of a bond often changes during the course of a year. If the bond appreciates (or depreci- 
ates) in value during the year, its return will be greater (or less) than 10 percent. In addition, the det- 
rition of return given above should not be confused with the "internal rate of return," which is 
sometimes used to compare monetary flows occurring over some time. We discuss other return mea- 
sures in Chapter 15, when we deal with present discounted values. 


riskless (or risk-free) asset 
Asset that provides a flow of 
money or services that is 
known with certaintv. 


return Total monetary flow 
of an asset as a fraction of its 
price. 


real return Simple (or nomi- 
nal) return on an asset, less the 
rate of inflation. 
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expected return Return that 
an asset should earn on average 

actual return Return that an 
asset earns. 


Common stocks (S&P 500) 
Long-term corporate bonds 
U.S. Treasury bills 


REAL RATE OF 
RETURN (%) 


RISK 

(STANDARD 
DEVIATION, %) 


instead of appreciating, and the price of GM stock might have risen instead o 
falling. However, we can still compare assets by looking at their expecte 
returns. The expected return on an asset is the expected value of its return, i.e., the 
return that it should earn on average. In some years, an asset's actual retu 
may t>e much higher than its expected return and in some years much lowe 
Over a long period, however, the average return should Lie close to the expected 
return. 

Different assets have different expected returns. Table 5.8, for example, shows 
that while the expected real return of a U.S. Treasury bill has been less thanl 
percent, the expected real return on a group of representative stocks on the New 
York Stock Exchange has been more than 9 percent. 12 Why would anyone buy a 
Treasury bill when the expected return on stocks is so much higher? Because the 
demand for an asset depends not just on its expected return, but also on its risk: 
Although stocks hav e a higher expected return than Treasury bills, they also 
carry much more risk. One measure of risk, the standard deviation of the real 
annual return, is equal to 20.2 percent for common stocks, 8.3 percent for corpo- 
rate bonds, and only 3.2 percent for U.S. Treasury bills. 

The numt>ers in Table 5.8 suggest that the higher the exp>ected return on an 
investment, the greater the risk involved. Assuming that one's investments are 
well diversified, this is indeed the case. 1 -’ As a result, the risk-averse investor 
must balance expected return against risk. We examine this trade-off in more 
detail in the next section. 


1 


gif 

1 


The FracSe-Off Between Risk and Return 

Suppose a woman wants to invest her savings in two assets — Treasury bills, 
which are almost risk free, and a representative group of stocks. 14 She must 
decide how much to invest in each asset. She might, for instance, invest only in 


12 For some stocks, the expected return is higher, and for some it is lower. Stocks of smaller compa- 
nies (e.g., some of those traded on the NASDAQ) have higher expected rates of return — and higher 
return standard deviations. 

L ’It is nondiversifiabk risk that matters. An individual stock may be very risky but still have a low 
expected return because most of the risk could be diversified away by holding a large number of 
such stocks. Nondivcrsifiablc risk, which arises from the fact that individual stock prices are correlated 
with the overall stock market, is the risk that remains even if one holds a diversified portfolio of 
stocks We discuss this point in detail in the context of the Capital Asset Pricing Model in Chapter 15. 
u The easiest way to invest in a representative group of stocks is to buy shares in a mutual fund. 
Because a mutual fund invests in many stocks, one effectively buys a portfolio 
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Treasury bills, only in stocks, or in some combination of the two. As we will see, 
this problem is analogous to the consumer's problem of allocating a bmdget 
between purchases of food and clothing. 

Let's denote the risk-free return on the Treasury trill by R f . Because the return 
's risk free, the expected and actual returns are the same. In addition, let the 
expected return from investing in the stock market be R m and the actual return be 

The actual return is risky. At the time of the investment decision, we know 
the set of possible outcomes and the likelihood of each, but we do not know 
what particular outcome will occur. The risky asset will have a higher expected 
return than the risk-free asset (R m > R f ). Otherwise, risk-averse investors would 
buy only Treasury bills and no stocks would be sold. 

The Investment Portfolio To determine how much money the investor 
should put in each asset, let's set b equal to the fraction of her savings placed in 
the stock market and (1 — b ) the fraction used to purchase Treasury bills. The 
expected return on her total portfolio, R f „ is a weighted average of the expected 
return on the two assets: 13 

R p = bR m + (1 - b)R f ( 5 . 1 ) 

Suppose, for example, that Treasury biLls pay 4 percent (R, = .04), the stock 
market's expected return is 12 percent (R m = .12), and b = 1/2. Then R f , = 8 per- 
cent. How risky is this portfolio? One measure of its riskiness is the standard 
deviation of its return. We will denote the standard deviation of the risky stock 
market investment by cr m . With some algebra, we can show that the standard 
deviation of the portfolio, <r (with one risky and one risk-free asset) is the fraction 
of the portfolio invested in the risky asset times the standard deviation of that 
asset: 10 

or p = ba„, ( 5 . 2 ) 

The Investor's Choice Problem 


In §3 2, we explain how a bud- 
get line is determined from an 
individual's income and the 
prices of the available goods. 

"The expected value of the sum of two variables is the sum of the expected values Therefore 

R r = E [br m ] + E[(l - b)R f ] = bE[r,„] + (1 - b)R, = bR,„ - (1 - b)R f 
To see why, we observe from footnote 4 that we can write the variance of the portfolio return as 

of = E[ br„, -r (1 — b)R f - Rff 

Substituting equation (5.1) for the expected return on the portfolio, R,„ we have 

cr? = E[br„, + (1 - b)Rf ~ bR„. - (1 - b)R.-f = E[b(r„, - RJf = b 2 a;, : 

Because the standard deviation of a random variable is the square root of its variance, <x„ = her,,,. 


We have still not determined how the investor should choose this fraction b. To 
do so, we must first show that she faces a risk-return trade-off analogous to a 

o 

consumer's budget line. To identify this trade-off, note that equation (5.1) for the 
expected return on the portfolio can be rewritten as 

R = R f + b(R„, - R f ) 
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Now, from equation (5.2) we see that b = a,,/ a m , so that 


>3 

II 

-1- 

1 

s 

(5.3) 

cr m 



price of risk Extra risk that an 
investor must incur to enjoy a 
higher expected return. 


Risk and the Budget Line This equation is a budget line because it describes 
the trade-off between risk (cr fl ) and expected return (Rf). Note that it is the equation 
for a straight line: Because R„„ Rf, and cr,,, are constants, the slope (R m — Rj)/ a m 
is a constant, as is the intercept R, -. The equation says that the expected return on 
the portfolio R , increases as the standard deviation of that return a,, increases. We call 
the slope of this budget line, ( R m — R f )/cr m , the price of risk because it tells us 
how much extra risk an investor must incur to enjoy a higher expected return. 

The budget line is drawn in Figure 5.6. If our investor wants no risk, she can 
invest all her funds in Treasury bills (b = 0) and earn an expected return Rj. To 
receive a higher expected return, she must incur some risk. For example, she 
could invest all her funds in stocks (b = 1), earning an expected return R m but 


Expected 
Return, R„ 



Budget Line 


Standard 
Deviation of 
Return, 


"k ' - - ji 

An investor is dividing her funds between two assets — Treasury bills, which are risk 
free, and stocks. Tire budget line describes the trade-off between the expected return 
and its riskiness, as measured by its standard deviation. The slope of the budget line 
is (R m ~ Rf) /cr m , which is the price of risk. Three indifference curves are drawn, each 
showing combinations of risk and return float leave an investor equally satisfied. Tire 
curves are upward-sloping because a risk-averse investor will require a higher 
expected return if she is to bear a greater amount of risk, fhe utility-maximizing 
investment portfolio is at the point where indifference curve U 2 is tangent to the 
budget line. ^ 
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incurring a standard deviation a m . Or she might invest some fraction of her 
funds m each tyP e °f asse fr earning an expected return somewhere between R f 
and R,r and facktg a standard deviation less than a m but greater than zero. 

Risk and Indifference Curves. Figure 5.6 also shows the solution to the in- 
vestor's problem. Three indifference curves are drawn in the figure. Each curve 
describes combinations of risk and return that leave the investor equally satisfied. 
The curves are upw'ard-sloping because risk is undesirable. Thus with a greater 
amount of risk, it takes a greater expected return to make the investor equally 
well-off' The curve U 3 yields the greatest amount of satisfaction and U x the least 
amount: For a given amount of risk, the investor earns a higher expected return 
on IT than on U 2l and a higher expected return on U 2 than on U j. 

Of the three indifference curves, the investor would prefer to be on li 3 . This 
position, however, is not feasible, because lf 3 does not touch the budget line. 
Curve Ui is feasible, but the investor can do better. Like the consumer choosing 
quantities of food and clothing, our investor does best by choosing a combina- 
tion of risk and return at the point where an indifference curve (in this case ll 2 ) is 
tangent to the budget line. At that point, the investor's return has an expected 
value R* and a standard deviation cr*. 

Naturally, people differ in their attitudes toward risk. This fact is illustrated in 
Figure 5.7, which show's how two different investors choose their portfolios. 



&B a m Standard 

Deviation of 
Return, o„ 


FIGURE 5.7 The Choices of Two Different Investors 


Investor A is highly risk averse. Because Iris portfolio will consist mostly of the risk- 
free asset, his expected return R A will be only slightly greater than the risk-free 
return. His risk cr A , however, will be small. Investor B is less risk averse. She will 
invest a large fraction of her funds in stocks. Although the expected return on her 
portfolio R B will be larger, the return will also be riskier. 
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Investor A is quite risk averse. Because his indifference curve U A is tangent to 
the budget line at a point of low risk, he will invest almost all his funds in 
Treasury bills and earn an expected return R A just slightly larger than the risk- 
free return R f . Investor B is less risk averse. She will invest most of her funds in 
stocks, and while the return on her portfolio will have a higher expected value 
R b , it will also have a higher standard deviation a B . 

If Investor B has a sufficiently low level of risk aversion, she might buy stocks 
on margin: that is, she would borrow money from a brokerage firm in order to 
invest more than she actually owns in the stock market. In effect, a person who 
buys stocks on margin holds a portfolio with more than 100 percent of the port- 
folio's value invested in stocks. This situation is illustrated in Figure 5.8, which 
shows indifference curves for two investors. Investor A, who is relatively risk- 
averse, invests about half of his funds in stocks. Investor B, however, has an in- 
difference curve that is relatively flat and tangent with the budget line at a point 
where the expected return on the portfolio exceeds the expected return on the 
stock market. In order to hold this portfolio, the investor must borrow money 
because she wants to invest more than 100 percent of her wealth in the stock mar- 
ket. Buying stocks on margin in this way is a form of leverage: the investor increases 
her expected return above that for the overall stock market, but at the cost of 
increased risk. 




■ 1 


FIGURE 5.8 Buying Stocks on Margin 


Because Investor ,4 is risk averse, his portfolio contains a mixture of stocks and iisk- 
free Treasury bills. Investor B, however, has a very low degree of risk aversion. Her 
indifference curve, U B , is tangent to the budget line at a point where the expected 
return and standard deviation for her portfolio exceed those for the stock market 
overall. This implies that she would like to invest more than 100 percent of her wealth 
in the stock market. She does so by buying stocks on margin— i.e., by borrowing from 
a brokerage firm to help finance the investment. _ 


In Chapters 3 and 4, we simplified the problem of consumer choice by assurn- 
■ a that the consumer had only two goods from which to choose — food and 

^ _ _ • • i _ ... . i _ . _ • 1 • r ? . J « i _ • _ _ i r .1 • _ 1 1 • • i • _ _ 


clothing- In the same spirit, we have simplified the investor's choice by limiting 
It to Treasury bills and stocks. The basic principles, however, would be the same 
if we had more assets (e.g., corporate bonds, land, and different types of stocks). 
Fverv investor faces a trade-off between risk and return. 1 ' The degree of extra 
risk that each is willing to bear in order to earn a higher expected return depends 
on how risk averse he or she is. Less risk-averse investors tend to include a 
lamer fraction of risky assets in their portfolios. 


i l'UMTxA M P L E 5.5 Investing in the Stock Market 

9 



D uring the 1990s, we witnessed a shift in the investing behavior of 
Americans. First, many Americans started investing in the stock market 
for the first time. In 1989, about 32 percent of families in the United States had 
part of their wealth invested in the stock market, either directly (by owning 
individual stocks) or indirectly (through mutual funds or pension plans 
invested in stocks). By 1995, that fraction had risen to above 41 percent. In addi- 
tion, the share of wealth invested in stocks increased from about 26 percent to 
about 40 percent during this period. lb 

Much of this shift is attributable to younger investors. For those under the 
age of 35, participation in the stock market increased from about 23 percent in 
1989 to about 39 percent in 1995. For those older than 35, participation also 
increased, though b v much less. 

Why have more people, and especiallv younger people, started investing in 
the stock market? One reason is the advent of on-line trading over the Internet, 
which has made investing much easier. Another reason mav be the consider- 
able increase in stock prices that occurred during the late 1990s. These increases 
may have convinced some investors that prices could only continue to rise in 
the future. As one analyst has put it, "The market's relentless seven-year climb, 
the popularity of mutual funds, the shift by employers to self-directed retire- 
ment plans, and the avalanche of do-it-yourself investment publications all 
have combined to create a nation of financial know-it-alls." 19 

The run-up in the stock market during the 1990s has indeed surprised many 
people. Although the American economy has been very strong over this period, 
by 1999 prices reached almost unprecedented levels relative to earnings and 
dividends. Figure 5.9 shows the dividend yield and price/earnings ratio for the 
S&P 500 (an index of the stocks of 500 large corporations) over the period 1980- 
1999. Observe that the dividend yield (the annual dividend divided by the 
stock price) fell from about 5 percent in 1980 to about 1.5 percent in 1999. Tire 


As mentioned earlier, what matters is nondiversifiable risk, because investors can eliminate diver- 
siliable risk by holding many different stocks (e.g., via mutual funds). We discuss diversifiable ver- 
sus nondiversifiable risk in Chapter 15 


Data are from the Federal Referee Bulletin. January 1997 


We're All Bulls Here: Strong Market Makes Evervbodv an Expert," Wall Street journal. September 
12,1997 ' ' 


L 



The dividend yield (the annual dividend divided by the stock price) fell dramatically 
from 1980 through 1999, while the price/eamings ratio (the stock price divided by 
the annual eamings-per-share) rose on average for the S&P 500. 


price/earnings ratio (the share price divided by the annual earnings- 
per-share) increased from about 8 to nearly 35. These ratios would only be 
justified if one believed that corporate profits will continue to grow rapidly 
over the coming decade. This situation suggests that in the late 1990s, many 
investors had a low degree of risk aversion and/or were quite optimistic about 
the economy. 



1. Consumers and managers frequentlv make decisions 
in which there is uncertainty about the future This 
uncertainty is characterized by the term risk, which 
applies when each of the possible outcomes and its 
probability of occurrence is known. 

2. Consumers and investors are concerned about the 
expected value and the variability of uncertain out- 
comes. The expected value is a measure of the central 
tendency of the value of the risky outcomes. The vari- 
ability is frequently measured by the standard devia- 
tion of outcomes, which is the square root of the aver- 
age of the squares of the deviations of each possible 
outcome from its expected value. 


Facing uncertain choices, consumers maximize their 
expected utility — an average of the utility associated 
with each outcome — with the associated probabilities 
serving as weights. 

A person who would prefer a certain return of a given 
amount to a risky investment whose expected return 
is the same amount is risk averse The maximum 
amount of money that a risk-averse person would 
pay to avoid taking a risk is called the risk premium. A 
person who is indifferent between a risky invest- 
ment and the certain receipt of the expected return on 
that investment is risk neutral. A risk-loving con- 
sumer would prefer a risky investment with a given 


expected return to the certain receipt of that expected 
return. 

5 , Risk can be reduced by (a) diversification, (b) insur- 
ance, and (c) obtaining additional information 

6. The lau> of large numbers enables insurance companies 
to provide insurance for which the premium paid 
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equals the expected value of the loss being insured 
against We call such insurance actuarmlh/ fair. 
Consumer theory can be applied to decisions to invest 
in risky assets. The budget line reflects the price of 
risk, and consumers' indifference curves reflect their 
attitudes toward risk. 



1 . What does it mean to say that a person is risk averse? 
Why are some people likely to be risk averse while 
others are risk lovers? 

2. Why is the variance a better measure of variability 
than the range? 

3. What does it mean for consumers to maximize 
expected utility? Can you think of a case in which a 
person might not maximize expected utility? 

4. Why do people often want to insure fully against 
uncertain situations even when the premium paid 
exceeds the expected value of the loss being insured 
against? 


5. Why is an insurance company likely to behave as if it 
were risk neutral even if its managers are risk-averse 
individuals? 

6. When is it worth paying to obtain more information 
to reduce uncertainty? 

7. How does the diversification of an investor's port- 
folio avoid risk? 

8. Why do some investors put a large portion of their 
portfolios into risky assets while others invest largely 
in risk-free alternatives? ( Hint Do the two investors 
receive exactly the same return on average? If so, 
why?) 



\. Consider a lottery with three possible outcomes: 

0 S100 will be received with probability .1 

0 550 will be received with probability .2 

1 $10 will be received with probability .7 

a. What is the expected value of the lottery? 

b. What is the variance of the outcomes? 

c. What would a risk-neutral person pay to plav the 
lottery? 

2. Suppose you have invested in a new computer com- 
pany whose profitability depends on two factors: 
(1) whether the U.S. Congress passes a tariff raising 
the cost of Japanese computers and (2) whether the 
U.S. economy grows slowly or quickly. What are the 
four mutually exclusive states of the world that you 
should be concerned about? 

3. Richard is deciding whether to buy a state lottery 
ticket. Each ticket costs SI, and the probability of win- 
ning payoffs is given as follows: 


a. What is the expected value of Richard's payoff if 
he buys a lottery ticket? What is the variance? 

b. Richard's nickname is "No-Risk Rick" because he 
is an extremely risk-averse individual. Would he 
buy the ticket? 

c. Suppose Richard was offered insurance against 
losing any money If he buys 1,000 lottery' tickets, 
how much would he be willing to pay to insure his 
gamble? 

d. In the long run, given the price of the lottery ticket 
and the probability/return table, yvhat do vou think 
the state would do about the lottery? 

4. Suppose an investor is concerned about a business 
choice in which there are three prospects — the proba- 
bility' and returns are given below: 


PROBABILITY 


RETURN 


PROBABILITY 

RETURN 

.5 

S0.00 

.25 

S1.00 

.2 

S2.00 

,05 

S7.50 


What is the expected value of the uncertain invest- 
ment? What is the variance? 
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c. In (b), would Natasha be willing to buy insurance 
to protect against the variable income associated 
with the new job? If so, how much would she be 
willing to pay for that insurance? (Hint: What 
the risk premium?) 

7. Draw a utility function over income ltd) that 
describes a man who is a risk lover when his income 
is low but a risk averter when his income is high Can 
you explain why such a utility function might reason 
ably describe a person's preferences? 

8. A city is considering how much to spend to monitor 
its parking meters The following information is avail 
able to the city manager: 

H Hiring each meter monitor costs 510,000 per year. 
D With one monitoring person hired, the probability 

of a driver getting a ticket each time he or she 
parks illegallv is equal to 25. 

!S With two monitors hired, the probability of gettin 
a ticket is .5; with three monitors, the probability is 
.75; and with four it's equal to 1 
H With two metering persons hired, the current fine 
for overtime parking is $20. 

a. Assume first that all drivers are risk neutral What 
parking fine would you levy and how many meter 
monitors would you hire (1, 2, 3, or 4) to achieve 
the current level of deterrence against illegal park- 
ins; at the minimum cost? 

b. Nou r assume that drivers are highly risk averse. 
How would your answer to (a) change? 

c. (For discussion) What if drivers could insure them- 
selves against the risk of parking fines? Would it 
make good public policy to allow such insurance 
to be available? 

9. A moderately risk-averse investor has 50 percent of 
her portfolio invested in stocks and 50 percent 
invested in risk-free Treasury bills. Show how each of 
the following events will affect the investor's budget 
line and the proportion of stocks in her portfolio: 

a. The standard deviation of the return on the stock 
market increases, but the expected return on the 
stock market remains the same. 

b. The expected return on the stock market increases, 
but the standard deviation of the stock market 
remains the same. 

c. The return on risk-free Treasury bills increases. 
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TTn the last three chapters, we focused on the demand side of 
A the market — the preferences and behavior of consumers. 
Now we turn to the supply side and examine the behavior of 
producers. We will see how firms can produce efficiently and 
how their costs of production change with changes in both 
input prices and the level of output. We will also see that there 
are strong similarities between the optimizing decisions made 
by firms and those made by consumers. In other words, 
understanding consumer behavior will help us understand 
producer behavior. 

In this chapter and the next we discuss the theory of the 
firm, which describes how a firm makes cost-minimizing pro- 
duction decisions, and how the firm's resulting cost varies 
with its output. Our knowledge of production and cost will 
help us understand the characteristics of market supply. It will 
also prove useful for dealing with problems that arise regu- 
larly in business. To see this, just consider some of the prob- 
lems often faced by a company like General Motors. How 
much assembly-line machinery and how much labor should it 
use in its new automobile plants? If it wants to increase pro- 
duction, should it hire more workers, construct new plants, or 
both? Does it make more sense for one automobile plant to 
produce different models, or should each model be manufac- 
tured in a separate plant? What should GM expect its costs to 
be during the coming year? How are these costs likely to 
change over time and be affected by the level of production? 
These questions apply not only to business firms but also to 
other producers of goods and services, such as governments 
and nonprofit agencies. 

In this chapter we study the firm's production technology: the 
physical relationship that describes how inputs (such as labor 
and capital) are transformed into outputs (such as cars and 
televisions). We do this in several steps. First, we show how 
the production technology can be represented in the form of a 
production function — a compact description of how inputs are 
turned into output. Then, we use the production function to 
show how the firm's output changes when first one and then 
all inputs are varied. We will be particularly concerned with 
the scale of the firm's operation. For example, are there techno- 
logical advantages that make the firm more productive as its 
scale increases? 
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5. You are an insurance agent who must write a policy 
for a new client named Sam. His company, Society for 
Creative Alternatives to Mayonnaise (SCAM), is work- 
ing on a low-fat, low-cholesterol mayonnaise substi- 
tute for the sandwich-condiment industry. The sand- 
wich industry will pay top dollar to the first inventor 
to patent such a mayonnaise substitute. Sam's SCAM 
seems like a very risky proposition to you. You have 
calculated his possible returns table as follows: 


PROBABILITY 

RETURN 


.999 

-51,000,000 

(he fails) 

.001 

$1,000,000,000 

(he succeeds 



and sells his 



formula) 


a. What is the expected return of Sam's project? What 
is the variance? 

b. What is the most that Sam is willing to pay for 
insurance? Assume Sam is risk neutral. 

c. Suppose you found out that the Japanese are on 
the verge of introducing their own mayonnaise 
substitute next month. Sam does not know this 
and has just turned down your final offer of $1000 
for the insurance Assume that Sam tells you 
SCAM is only six months away from perfecting its 
mayonnaise substitute and that you know what 
vou know about the Japanese. Would you raise or 
lower your policy premium on any subsequent 
proposal to Sam? Based on his information, would 
Sain accept? 

6. Suppose that Natasha's utility function is given by 
i/(f) = I 0 '', where I represents annual income in thou- 
sands of dollars. 

a. Is Natasha risk loving, risk neutral, or risk averse? 
Explain. 

b. Suppose that Natasha is currently earning ari 
income of $10,000 (I = 10) and can earn that 
income next vear with certainty. She is offered a 
chance to take a new job that offers a .5 probability 
of earning $16,000 and a .5 probability of earning 
$5000 Should she take the new job? 
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theory of the firm Explan- 
ation of how a firm makes 
cost-minimizing production 
decisions and how its cost 
varies with its output. 

factors of production Inputs 
into the production process 
(e.g., labor, capital, and 
materials). 


production function Func- 
tion showing the highest out- 
put that a firm can produce 
for every specified combina- 
tion of inputs. 
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>r Production 



In the production process, firms turn inputs into outputs (or products). Inputs 
which are also called factors of production, include anything that the firm must 
use as part of the production process. For example, for a bakery, inputs includ 
the labor of its workers; raw materials, such as flour and sugar; and the capita 
invested in its ovens, mixers, and other equipment to produce such outputs a 
bread, cakes, and pastries. 

We can divide inputs into the broad categories of labor, materials, and capital 
each of which might include more narrow subdivisions. Labor inputs includ 
skilled workers (carpenters, engineers) and unskilled workers (agricultura 
workers), as well as the entrepreneurial efforts of the firm's managers. Material 
include steel, plastics, electricity, water, and any other goods that the firm buys 
and transforms into final products. Capital includes buildings, machinery and 
other equipment, and inventories. 


I 


The relationship between the inputs to the production process and the resulting 
output is described by a production function. A production function indicate 
the highest output Q that a firm can produce for every specified combination o 
inputs. For simplicity, we will assume that there are two inputs, labor L and ca 
ital K. We can then write the production function as 

Q = F(K,L ) (6. 


This equation relates the quantity of output to the quantities of the tw 
inputs, capital and labor. For example, the production function might describ 
the number of personal computers that can be produced each year with a 10,000- 
square-foot plant and a specific amount of assembly-line labor. Or it might 
describe the crop that a farmer can obtain using a specific amount of machinery 
and workers . 

It is important to keep in mind that inputs and outputs axe flows. For example, 
a personal computer manufacturer uses a certain amount of labor each year to 
produce some number of computers over that year. Although the firm might 
own its plant and machinery, we can think of the firm as paying a cost for the 
use of that plant and machinery over the year. To simplify things, we will fre- 
quently ignore the reference to time and refer only to amounts of labor, capital,* 
and output. Unless otherwise indicated, however, we mean the amount of labor 
and capital used each year and the amount of output produced each year. 

The production function allows inputs to be combined in varying propor- 
tions, so that output can be produced in many ways. For the production function 
in equation (6.1), this could mean using more capital and less labor, or vie 
versa. For example, wine can be produced in a labor-intensive way using man 
workers, or in a capital-intensive way using machines and only a few workers. 

Note that equation (6.1) applies to a given technology — that is, a given state of 
knowledge about the various methods that might be used to transform inpu 
into outputs. As the technology becomes more advanced and the production 
function changes, a firm can obtain more output for a given set of inputs. For 
example, a new, faster assembly-line may allow a hardware manufacturer to 
produce more high-speed computers in a given period of time. 
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Production functions describe what is technically feasible when the firm oper- 
ates efficiently — that is, when the firm uses each combination of inputs as effec- 
tively as possible. The presumption that production is always technically effi- 
cient need not always hold, but it is reasonable to expect that profit-seeking 
firms will not waste resources. 


Let's begin by examining the production technology of a firm that uses two 
inputs and can vary both of them. Suppose that the inputs are labor and capital 
and that they are used to produce food. Table 6.1 tabulates the output achievable 
for various combinations of inputs. 

Labor inputs are listed across the top row, capital inputs down the column on 
the left. Each entry in the table is the maximum (technically efficient) output that 
can be produced each year with each combination of labor and capital used over 
that year. For example, 4 units of labor per year and 2 units of capital per year 
yield 85 units of food per year. Reading along each row, we see that output 
increases as labor inputs are increased, while capital inputs remain fixed. 
Reading down each column, we see that output also increases as capital inputs 
are increased, while labor inputs remain fixed. 

The information contained in Table 6.1 can also be represented graphically 
using isoquants. An isoquant is a curve that shows all the possible combinations of 
inputs that yield the same output. Figure 6.1 shows three isoquants. (Each axis in 
the figure measures the quantity of inputs.) These isoquants are based on the 
data in Table 6.1, but have been drawn as smooth curves to allow for the use of 
fractional amounts of inputs. 

For example, isoquant Qj shows all combinations of labor and capital per year 
that together yield 55 emits of output per year. Two of these points, A and D, cor- 
respond to Table 6.1. At A, 1 unit of labor and 3 units of capital yield 55 units of 
output; at D, the same output is produced from 3 units of labor and 1 unit of cap- 
ital. Isoquant Q 2 shows all combinations of inputs that yield 75 emits of output 
and corresponds to the four combinations of labor and capital circled in the table 
(e.g., at B, where 2 emits of labor and 3 units of capital are combined). Isoquant 
Q: lies above and to the right of Qj because obtaining a higher level of output 
requires more labor and capital. Finally, isoquant Q 3 shows labor-capital combi- 
nations that yield 90 units of output. Point C involves 3 emits of labor and 3 units 
of capital, whereas Point £ involves 2 units of labor and 5 units of capital. 




CAPITAL INPUT 

1 

2 

LABOR INPUT 

3 

4 

5 

1 

20 

40 

55 

65 

© 

2 

40 

60 

© 

85 

90 

3 

55 

© 

90 

100 

105 

4 

65 

85 

100 

110 

115 

5 

© 

90 

105 

115 

120 


isoquant Curve showing all 
possible combinations of 
inputs that yield the same 
output. 
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Capital 

per 

Year 


\ V 

\ \ 



Qj = 90 


Qi = 55 


Labor per Year 


Production isoquants show the various combinations of inputs necessary for the 
firm to produce a given output. Aset of isoquants, or isoquant map. describes the 
firm's production function. Output increases as we move from isoquant Q, (at which 
55 units per year are produced at points such as A and D), to isoquant Q 2 (75 units 
per year at points such as B) and to isoquant Q 3 (90 emits per year at points such as C 
and £). 


isoquant map Graph com- 
bining several isoquants, 
used to describe a production 
function. 


Isoquant Maps When several isoquants are combined together in a single 
graph, as in Figure 6.1, we call the graph an isoquant map. An isoquant map is 
another way of describing a production function, just as art indifference map is a 
way of describing a utility function. Each isoquant corresponds to a different 
level of output, and the level of output increases as we move up and to the right 
in the figure. 


Isoquants show the flexibility that firms have when making production deci- 
sions: They can usually obtain a particular output by substituting one input for 
another. It is important for the managers to understand the nature of this flexi- 
bility. For example, fast-food restaurants have recently faced shortages of young, 
low-wage employees. Companies have responded by automating — adding self- 
service salad bars and introducing more sophisticated cooking equipment. They 
have also recruited older people to fill positions. As we will see in Chapters 7 
and 8, by taking this flexibility in the production process into account, managers 
can choose input combinations that minimize cost and maximize profit. 


The isoquants in Figure 6.1 show how capital and labor can be substituted for 
each other to produce the same amount of output. In practice, however, this sub- 
stitution can take time. A new factory must be planned and built, and machinery 
and other capital equipment must be ordered and delivered. These activities can 


Chapters Production 181 


s [lv take a year or more to complete. As a result, if we are looking at produc- 
tion decisions over a short period of time, such as a month or two, the firm is 
unlikely to be able to substitute very much capital for labor. 

Because firms must consider whether or not inputs can be varied, and if they 
can over what period of time, it is important to distinguish between the short 
and long run when analyzing production. The short run refers to a period of 
time in which one or more factors of production cannot be changed. In other 
words, in the short run there is at least one factor that cannot be varied; such a 
factor is called a fixed input. The long run is the amount of time needed to make 
all inputs variable. 

As vou might expect, the kinds of decisions that firms can make are very dif- 
ferent in the short run than in the long run. In the short run, firms vary the inten- 
sity with which they utilize a given plant and machinery; in the long run, they 
vary the size of the plant. All fixed inputs in the short run represent the out- 
comes of previous long-run decisions based on estimates of what a firm could 
profitably produce and sell 

There is no specific time period, such as one year, that separates the short run 
from the long run. Rather, one must distinguish them on a case-by-case basis. 
For example, the long run can be as brief as a day or two for a child's lemonade 
stand, or as long as five or ten years for a petrochemical producer or an automo- 
bile manufacturer. 

6.3 Production with One 
Variable Input (Labor) 

When deciding how much of a particular input to buy, a firm has to compare the 
benefit that will result with the cost. Sometimes it is useful to look at the benefit 
and the cost on an incremental basis by focusing on the additional output that 
results from an incremental addition to an input. In other situations it is useful to 
make the comparison on an average basis by considering the result of substan- 
tially increasing an input. We will look at these benefits and costs in both ways. 

Let's begin by considering the case in which capital is fixed but labor is vari- 
able. (Because one of the factors is fixed, this is a short-run analysis.) In this case, 
the only way the firm can produce more output is by increasing its labor input. 
Imagine, for example, that you are managing a clothing factory. Although you 
have a fixed amount of equipment, you can hire more or less labor to sew and to 
run the machines. You must decide how much labor to hire and how much 
clothing to produce. To make the decision, you will need to know how the 
amount of output Q increases (if at all) as the input of labor L increases. 

Table 6.2 gives this information. The first three columns show the amount of 
output that can be produced in one month with different amounts of labor, and 
capital fixed at 10 units. The first column shows the amount of labor, the second 
the fixed amount of capital, and the third total output. When labor input is zero, 
output is also zero. Output then increases as labor is increased up to an input of 
8 units. Beyond that point, total output declines: Although initially each unit of 
labor can take greater and greater advantage of the existing machinery and 
plant, after a certain point, additional labor is no longer useful and indeed can be 
counterproductive. Five people can run an assembly line better than two, but ten 
people may get in each other's way. 


short run Period of time in 
which quantities of one or 
more production factors can- 
not be changed. 

fixed input Production fac- 
tor that cannot be varied 

long run Amount of time 
needed to make all production 
inputs variable. 
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average product Output per 
unit of a particular input 


marginal product Additional 
output produced as an input 
is increased by one unit. 


Awerage and SVlargimaG Products 

The contribution that labor makes to the production process can be described on 
both an average and a marginal (i.e., incremental) basis. The fourth column in 
Table 6.2 shows the average product of labor (AP L ), which is the output per unit 
of labor input. The average product is calculated by div iding the total output Q 
by the total input of labor L The average product of labor measures the produc- 
tivity of the firm's workforce in terms of how much output each worker pro- 
duces on average. In our example the average product increases initially but 
falls when the labor input becomes greater than four. 

The fifth column of Table 6.2 shows the marginal product of labor (MP L ). 
This is the additional output produced as the labor input is increased by 1 unit. 
For example, with capital fixed at 10 units, when the labor input increases from 
2 to 3, total output increases from 30 to 60, creating an additional output of 30 
(i.e., 60 - 30) units. The marginal product of labor can be written as AQ/AL, in 
other words the change in output A Q resulting from a 1-unit increase in labor 
input AL. 

Remember that the marginal product of labor depends on the amount ot cap- 
ital used. If the capital input increased from 10 to 20, the marginal product of 
labor would most Iikelv increase. Why? Because additional workers are likely to 
be more productive if thev have more capital to use. Like the average product, 
the marginal product first increases then falls, in this case after the third unit of 
labor. 

To summarize 


Average product of labor = Output/labor input = Q/L 

Marginal product of labor = Change in output/change in labor input 

= AQ/AL 
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The Slopes of the Product Curve 

fiaure 6.2 plots the information contained in Table 6.2. (We have connected all 
the points in the figure with solid lines.) Figure 6.2(a) shows that as labor 
is increased output increases until it reaches the maximum output of 112; 
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FIGURE 6.2 Production with One Variable Input 


The total product curve in (a) shows tire output produced for different amounts of 
labor input. The average and marginal products in (b) can be obtained (using the 
data in Table 6.2) from the total product curve. At point A, the marginal product is 20 
because the tangent to the total product curve has a slope of 20. At point B in (a) the 
average product of labor is 20, which is the slope of tire line from the origin to B. The 
average product of labor at point C in (a) is given by the slope of the line 0C. To the 
left of point E in (b) the marginal product is above the average product and the 
average is increasing; to the right of E the marginal product is below the average 
product and the average is decreasing. As a result, E represents the poiirt at which 
the average and marginal products are equal, when the average product reaches its 
maximum. 
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thereafter it falls. The portion of the total output curve that is declining is drawn 
with a dashed line to denote that producing with more than eight workers is not 
economically rational; it can never be profitable to use additional amounts of a 
costlv input to produce /css output 

Figure 6.2(b) shows the av erage and marginal product curves. (The units on 
the vertical axis have changed from output per month to output per worker per 
month.) Note that the marginal product is positive as long as output is increas- 
ing, but becomes negative when output is decreasing 

It is no coincidence that the marginal product curve crosses the horizontal 
axis of the graph at the point of maximum total product, this happens because 
adding a worker in a manner that slows production and decreases total output 
implies a negative marginal product for that worker. 

Tire average product and marginal product curves are closely related. When 
the marginal product is greatei than the aveiage product, the average product is increasing. 
This is the case for labor inputs up to 4 in Figure 6 2(b). If the output of an addi- 
tional worker is greater than the average output of each existing worker (i e., the 
marginal product is greater than the average product), then adding the worker 
causes average output to rise. In Table 6.2, two workers produce 30 units of out- 
put, for an average product of 15 units per worker. Adding a third worker in- 
creases output by 30 units (to 60), which raises the average product from 15 to 20. 

Similarly, when the marginal product is less than the average product, the average 
product is decreasing. This is the case when the labor input is greater than 4 in 
Figure 6.2(b). In Table 6.2, six workers produce 108 units of output, so that the 
average product is 18 Adding a seventh worker contributes a marginal product 
of only 4 units (less than the average product), reducing the average product to 16. 

We have seen that the marginal product is above the average product when 
the average product is increasing, and below the average product when the 
average product is decreasing. It follows, therefore, that the marginal product 
must equal the average product when the average product reaches its maxi- 
mum This happens at point E in Figure 6.2(b) 

Why, in practice, should we expect the marginal product curve to rise and 
then fall? Think of a television assembly plant. Fewer than ten workers might be 
insufficient to operate the assembly line at all. Ten to fifteen workers might be 
able to run the assembly line, but not very efficiently. Adding a few more work- 
ers might allow the assembly line to operate much more efficiently, so the mar- 
ginal product of those workers would be very high, this added efficiency might 
start to diminish once there were more than 20 workers. The marginal product of 
tire twenty-second worker, for example, might still be very high (and above the 
average product), but not as high as the marginal product of the nineteenth or 
twentieth worker The marginal product of the twenty-fifth worker might be 
lower still, perhaps equal to the average product. With 30 workers, adding one 
more worker would yield more output, but not very much more (so that the 
marginal product, while positive, would be below the average product). Once 
there were more than 40 workers, additional workers would simply get in each 
other's way and actually reduce output (so that the marginal product would be 
negative). 


The Awerage Producf of Laoor (uyrwe 

The geometric relationship between the total product and the average and mar- 
ginal product curves is shown in Figure 6 2(a). the average product of labor is 
the total product divided bv the quantity of labor input. At B, for example, the 
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verao-e product is equal to the output of 60 divided by the input of 3, or 20 units 
of output per unit of labor input. This ratio, however, is exactly the slope of the 
line running from the origin to B in Figure 6.2(a). In general, the average product of 
labor is given by the slope of the line drawn from the origin to the corresponding point on 
the total product curve. 

The Marginal Product ©f Labor Curwe 

Tire marginal product of labor is the change in the total product resulting from 
an increase of one unit of labor. At A, for example, the marginal product is 20 
because the tangent to the total product curve has a slope of 20. In general, the 
marginal product of labor at a point is given by the slope of the total product at that 
point. We can see in Figure 6.2(a) that the marginal product of labor increases ini- 
tially, peaks at an input of 3, and then declines as we move up the total product 
curve to C and D. At D, when total output is maximized, the slope of the tangent 
to the total product curve is 0, as is the marginal product. Beyond that point, the 
marginal product becomes negative. 

The Relationship Between the Average and Marginal Products 

Note the graphical relationship between average and marginal products in 
Figure 6.2(a). At B, the marginal product of labor (the slope of the tangent to the 
total product curve at B — not shown explicitly) is greater than the average prod- 
uct (dashed line 0B). As a result, the average product of labor increases as we 
move from B to C. At C, the average and marginal products of labor are equal: 

While the average product is the slope of the line from the origin 0C, the mar- 
ginal product is the tangent to the total product curve at C (note the equality of 
the average and marginal products at point E in Figure 6.2(b)). Finally, as we 
move beyond C toward D, the marginal product falls below the average prod- 
uct; you can check that the slope of the tangent to the total product curve at any 
point between C and D is lower than the slope of the line from the origin. 

The Lam ©f BimiraisSiing Marginal Returns 

law of diminishing marginal 
returns Principle that as the 
use of an input increases with 
other inputs fixed, the result- 
ing additions to output will 
eventually decrease. 


A diminishing marginal product of labor (and a diminishing marginal product 
of other inputs) holds for most production processes. The law of diminishing 
marginal returns states that as the use of an input increases in equal increments 
(with other inputs fixed), a point will eventually be reached at which the result- 
ing additions to output decrease. When the labor input is small (and capital is 
fixed), extra labor adds considerably to output, often because workers are 
allowed to devote themselves to specialized tasks Eventually, however, the law 
of diminishing marginal returns applies: When there are too many workers, 
some workers become ineffective and the marginal product of labor falls. 

The law of diminishing marginal returns usually applies to the short run 
when at least one input is fixed. However, it can also apply to the long run. Even 
though inputs are variable in the long run, a manager may still want to analyze 
production choices for which one or more inputs are unchanged. Suppose, for 
example, that only two plant sizes are feasible and that management must 
decide which to build. In that case, management would want to know when 
diminishing marginal returns will set in for each of the two options. 

Do not confuse the law of diminishing marginal returns with possible 
changes in the quality of labor as labor inputs are increased (as would likely 
occur, for example, if the most highly qualified laborers are hired first and the 
least qualified last). In our analysis of production, we have assumed that all 
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labor inputs are of equal quality; diminishing marginal returns results from lim. 
itations on the use of other fixed inputs (e.g., machinery), not from declines m 
worker quality In addition, do not confuse diminishing marginal returns with 
negative returns. The law of diminishing marginal returns describes a declining 
marginal product but not necessarily a negative one. 

Tire law of diminishing marginal returns applies to a given production tech- 
nology. Over time, however, inventions and other improvements in technology 
may allow the entire total product curve in Figure 6.2(a) to shift upward, so that 
more output can be produced with the same inputs. Figure 6.3 illustrates this 
principle. Initially the output curve is given by O v but improvements in technol- 
ogy may allow the curve to shift upward, first to 0 2 , and later to 0 3 . 

Suppose, for example, that over time, as labor is increased in agricultural pro- 
duction, technological improvements are being made. These improvements 
might include genetically engineered pesticide-resistant seeds, more powerful 
and effective fertilizers, and better farm equipment. As a result, output changes 
from A (with an input of 6 on curve Ch) to B (with an input of 7 on curve 0 ; ) to C 
(with an input of 8 on curve 0 3 ). 

The move from .4 to B to C relates an increase in labor input to an increase in 
output and makes it appear that there is not diminishing marginal returns when 
in fact there is. Indeed, the shifting of the total product curve suggests that there 
may not be any negative long-run implications for economic growth. In fact, as 
we can see in Example 6.1, the failure to account for long-run improvements in 
technology led British economist Thomas Malthus wrongly to predict dire con- 
sequences from continued population growth. 




Labor productivity (output per unit of labor) can increase if there are improvements 
in the technology, even though any given production process exhibits diminishing 
returns to labor. As we move from point A on curve Oj to B on curve O z to C on 
curve 0 3 over time, labor productivity increases. 


Chapter 6 


I I 



T he law of diminishing marginal returns was central to the thinking of polit- 
ical economist Thomas Malthus (1766-1834) 1 Malthus believed that the 
limited amount of land on the globe would not be able to supply enough food 
aS population grew and more laborers began to farm the land. Eventually as 
both the marginal and average productivity of labor fell and there were more 
mouths to feed, mass hunger and starvation would result. Fortunately, Malthus 
was wrong (although he was right about the diminishing marginal returns to 
labor). 

Over the past century, technological improvements have dramatically 
altered the production of food in most countries (including developing coun- 
tries, such as India). As a result, the average product of labor and total food out- 
put have increased. These improvements include new high-yielding, disease- 
resistant strains of seeds, better fertilizers, and better harvesting equipment. As 
Table 6.3 shows, overall food consumption throughout the world has outpaced 
population growth more or less continually since the end of World War II. 2 This 
increase in world agricultural productivity is also illustrated in Figure 6.4, 
which shows average cereal yields from 1970 through 1998, along with a world 
price index for food/ Note that cereal yields have increased steadily over the 
period. Because growth in agricultural productivity led to increases in food 
supplies that outstripped the growth in demand, prices, apart from a tempo- 
rary increase in the early 1970s, have been declining. 

Some of the increase in food production has been due to small increases in 
the amount of land devoted to farming. From 1961 to 1975, for example, the 
percentage of land devoted to agriculture increased from 32.9 percent to 33.3 
percent in Africa, from 19.6 percent to 22.4 percent in Latin America, and from 
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YEAR 

INDEX 

1948-1952 

100 

1960 

115 

1970 

123 

1980 

128 

1990 

137 

1995 

135 

1998 

140 


Thomas Malthus, Essay on the Principle of Population, 1798 

All but the data for 1990, 1995, and 1998 appear as Table 4.1 in Julian Simon, The Ultimate Resource 
rmceton: Princeton University Press, 1981). The original source for all the data is the UN Food and 
Agriculture Organization, Production Yearbook, and World Agricultural Situation. 

Data are from the UN Food and Agriculture Organization and the World Bank. See also 
a tp://apps.iao.org (select Agriculture, then under "Data Collection," select Crops Primary-) . 
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filGURE 6.4 Cereal Yields and the World P 


Cereal yields have increased steadily. The average world price of food increased 
temporarily in the early 1970s, but has declined since. 


21.9 percent to 22.6 percent in the Far East.’ During the same period, however, 
the percentage of land devoted to agriculture fell from 26.1 percent to 25.5 per- 
cent in North America, and from 46.3 percent to 43.7 percent in Western 
Europe. It follows, therefore, that most of the improvement in food output is 
due to improved technology, not to increases in land used for agriculture. 

Hunger remains a severe problem in some areas, such as the Sahel region 
of Africa, in part because of the low productivity of labor theie. Although 
other countries produce an agricultural surplus, mass hunger still occurs 
because of the difficulty of redistributing foods from more to less productive 
regions of the world, and because of the low incomes of those less productive 


labor productivity Average 
product of labor for an entire 
industry or for the economy 
as a whole. 


Labor Praductiwity 

Although this is a textbook in microeconomics, many of the concepts developed 
here provide a foundation for macroeconomic analysis. Macroeconomists are 
particularly concerned with labor productivity— the average product of labor 
for an entire industry or for the economy as a whole. In this subsection v\ e dis 
cuss labor productivity in the United States and in a number of foreign court 
tries. This topic is interesting in its own right but will also help to illustrate one 
of the links between micro- and macroeconomics. 

Because the average product measures output per unit of labor input, it is rel- 
atively easv to measure (total labor input and total output are the only pieces ot 
information you need). Labor productivity can provide useful comparisons 


’ See Simon, The Ultimate Resource, p S3. 
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- ro ss industries and for one industry over a long period. But labor productivity 
j- especially important because it determines the real standard of living that a 
country can achieve for its citizens. 


Pj.prTwhvi.ty and the btandard of Living There is a simple link 
between labor productivity and the standard of living. In any particular year, the 
i TCr regate value of goods and services produced by an economy is equal to the 
-nvrnents made to all factors of production, including wages, rental payments to 
capital, and profit to firms. But consumers ultimately receive these factor pay- 
ments, in the form of wages, salaries, dividends, or interest payments. As a 
result, consumers in the aggregate can increase their rate of consumption in the 
lorw run only by increasing the total amount they produce 

Understanding the causes of productivity growth is an important area of 
research in economics. We do know that one of the most important sources of 
orowth in labor productivity is growth in the stock of capital— i.e., the total 
amount of capital available for use in production. Because an increase in capital 
means more and better machinery, each worker can produce more output for 
each hour worked. Another important source of growth in labor productivity is 
technological change — i e , the development of new technologies that allow 
labor (and other factors of production) to be used more effectively and to pro- 
duce new and higher-quality goods. 

As Example 6.2 shows, levels of labor productivity have differed considerably 
across countries, and so too have rates of growth of productivity. Understanding 
these differences is important, given the central role that productivity has in 
affecting our standards of living. 


stock of capital Total amount 
of capital available for use in 
production 


technological change 
Development of new tech- 
nologies allowing factors of 
production to be used more 
effectively. 


'Example 6.2 Labor Productivity and the Standard of Living 

U.t 


W ill the standard of living in the United States, Europe, and Japan continue 
to improve, or will these economies barelv keep future generations from 
being worse off than they are today? Because the real incomes of consumers in 
these countries increase only as fast as productivity does, the answer depends 
on the labor productivity of workers. 

As Table 6.4 shows, the level of output per person in the United States in 
1997 was higher than in other industrial countries. But two patterns over the 
post-World War II period have been disturbing for Americans. First, produc- 
tivity in the United States has grown less rapidly than productivity in most 


TABLE 6.4 Labor Productivity in Developed Countries 



Years 

J 960- 1973 
197 4-1986 
1987-1997 


354,507 


UNITED 

%PAN KINGDOM 

Output per Employed Person ( 1997) 


355,644 346,048 342,630 

Annual Rate of Growth of Labor Productivity (%) 


UNITED 

STATES 


S60.916 



4.75 

4.04 

8.30 

2.89 

2.36 

2.10 

1.85 

2.50 

1.69 

0.71 

1.48 

2.00 

1.94 

1.02 

1.09 
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—.United States — Japan ■== Germany — United Kingdom -^-France 


During the 1960s and 1970s, productivity growth in the United States was lower 
than in Germany, France, the United Kingdom, and Japan, although the leoel of pro- 
ductivity was higher. In the 1980s and 1990s, productivity growth slowed m all or 
these countries. 


other developed nations. Second, productivity growth during 1974-1997 was 
much lower in all developed countries than it had been in the past. Both of 
these patterns can be seen in the table and in Figure 6.5. Fire figure shows pro- 
ductivity, measured in 1997 U.S. dollars per worker, for the United States ana 
for four other countries. Observe that in 1960 labor productivity in the United 
States was more than three times labor productivity in Japan and about twice 
as great as labor productivity in Germany, France, and the United Kingdom. 
However, by 1997 the differences had narrowed considerably. 

Throughout most of the 1960-1997 period, Japan had the highest rate of pro- 
ductivity growth, followed by Germany and France. L .S. productiv ity grov\ . 
was the lowest, even somewhat lower than that of the United Kingdom. This is 
partly due to differences in rates of investment and growth in the stock of capi- 
tal in each country. The greatest capital growth during the postwar period was 
in Japan and France, which were rebuilt substantially after World War II. K 
some extent, therefore, the lower rate of growth of productivity in the Unitec 
States, when compared to that of Japan, France, and Germany, is the result o 
these countries catching up after the war. 




3 Recent growth numbers are based on data from Industrial Policy in OECD Countries, ^ uff 

and International Comparisons of Manufacturing Productivity and Unit Labor Cost Trends, U.S. 

Labor Statistics (1998), wwn. stats. bls.gov/flsdata.htm. 
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Productivity growth is also tied to the natural resource sector of the econ- 
orn y_ As oil and other resources began to be depleted, output per worker fell. 
Environmental regulations (e.g., the need to restore land to its original condi- 
tion after strip-mining for coal) magnified this effect as the public became more 
concerned with the importance of cleaner air and water. 

Observe from Table 6.4 that productivity growth in the United States has 
increased in recent years. Economists have debated whether this is a short-term 
aberration or the beginning of a long-term trend. Some economists believe that 
rapid technological change during the 1990s, and in particular the computer 
revolution, has created new possibilities for productivity growth. If this opti- 
mistic view is correct, we will see continued high rates of productivity growth 
in the coming years." 
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'wo Variable Input; 


Mow that we have seen the relationship between production and productivity, 
let's turn to production in the long run, where both capital and labor inputs are 
variable. The firm can now produce its output in a variety of ways by combining 
different amounts of labor and capital. We will use isoquants to analyze and 
compare these different ways of producing. 

Recall that an isoquant describes all combinations of inputs that yield the 
same level of output. The isoquants shown in Figure 6.6 are reproduced from 
Figure 6.1; they all slope downward because both labor and capital have posi- 
tive marginal products. More of either input increases output; thus if output is to 
be kept constant as more of one input is used, less of the other input must be 
used. 

Diminishing SW 1 surging]! Returns 

Even though both labor and capital are variable in the long run, it is useful for a 
firm that is choosing the optimal mix of inputs to ask what happens to output as 
each of the inputs is increased, with the other input held fixed. The outcome of 
this exercise is described in Figure 6.6, which reflects diminishing marginal 
returns to both labor and capital. We can see why there is diminishing marginal 
returns to labor by drawing a horizontal line at a particular level of capital — 
say, 3. Reading the levels of output from each isoquant as labor is increased, we note 
that each additional unit of labor generates less and less additional output. For 
example, when labor is increased from 1 emit to 2 (from A to B), output increases 
by 20 (from 55 to 75). However, when labor is increased by an additional unit 
(from B to C), output increases by only 15 (from 75 to 90). Thus there is diminish- 
ing marginal returns to labor both in the long and short run. Because adding one 
factor while holding the other factor constant eventually leads to lower and 
lower incremental output, tire isoquant must become steeper as more capital is 
added in place of labor and flatter when labor is added in place of capital. 


„For more information on labor productivity and standard of living, go to http://slais.bls.gov/ 
“sdata.him. Under "International Comparisons of Productivity, Unit Labor Costs, and GDP per 
Capita," click on: Unpublished Comparative Real Gross Domestic Product per Capita and per 
Employed Person, Fourteen Countries, 1960-1996 
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FIGURE 6.6 The Shape of Isoquants 


When both labor and capital are variable, both factors ot production can exhibit 
diminishing marginal returns. As we move from A to C, there is diminishing returns 
to labor and as we move from D to C, there is diminishing returns to ca pital. 


There is also diminishing marginal returns to capital. With labor fixed, the 
marginal product of capital decreases as capital is increased. For example, when 
capital is increased from 1 to 2 and labor is held constant at 3, the marginal prod- 
uct of capital is initially 20 (75-55) but falls to 15 (90-75) when capital is 
increased from 2 to 3 


narginal rate of technical 
substitution (MRTS) Amount 
ry which the quantity of one 
nput can be reduced when 
Dne extra unit of another input 
ls used, so that output remains 
constant. 

hi §3.1, we explain that the 
marginal rate of substitution 
is the maximum amount of 
one good that the consumer 
is willing to give up to obtain 
one unit of another good 


With two inputs that can be varied, a manager will want to consider substituting 
one input for another. The slope of each isoquant indicates how the quantity ot 
one input can be traded off against the quantity of the other, while output is held 
constant. When the negative sign is removed, we call the slope the marginal ra e 
of technical substitution (MRTS). The marginal rate of technical substitution# 
labor for capital is the amount bv which the input of capital can be reduced w en 
one extra unit of labor is used, so that output remains constant llus is analo- 
gous to the marginal rate of substitution (MRS) in consumer theory Recall from 
Section 3.1 that the MRS describes how consumers substitute among two goo 
while holding the level of satisfaction constant. Like the MRS, the MRTS is 
always measured as a positive quantity: 

MRTS = - Change in capital input/ change m labor input 
= - A K/AL (for a fixed level of Q) 

whprp A K and AL are small changes in capital and labor along an isoquant. 
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Like indifference curves, isoquants are downward sloping and convex. Tire slope of 
the isoquant at any point measures the marginal rate of technical substitution — the 
ability of the firm to replace capital with labor while maintaining the same level of 
output. On isoquant Q 2 , the MRTS falls from 2 to 1 to 2/3 to 1/3. 


In Figure 6.7 the MRTS is equal to 2 when labor increases from 1 unit to 2 and 
output is fixed at 75. However, the MRTS falls to 1 when labor is increased from 
2 units to 3, and then declines to 2/3 and to 1/3. Clearly, as more and more labor 
replaces capital, labor becomes less productive and capital becomes relatively 
more productive. Therefore we need less capital to keep output constant, and 
the isoquant becomes flatter. 

Diminishing MRi A We assume that there is a diminishing MRTS. In other 
words, the MRTS falls as we move down along an isoquant. The mathematical 
implication is that isoquants, like indifference curves, are convex, or bowed 

inward. This is indeed the case for most production technologies. Tire diminish- In §3.1, we explain that an 

ing MRTS tells us that the productivity of any one input is limited. As more and indifference curve is convex if 

more labor is added to the production process in place of capital, the productiv- |! ie ”)? r S in . a ! rate of substitu- 
., , , . r r q r r tion diminishes as we move 

ity ot labor fails. Similarly, when more capital is added in place ot labor, the pro- down alon^ the curve. 

ductivity of capital falls. Production needs a balanced mix of both inputs. 

As our discussion has just suggested, the MRTS is closely related to the mar- 
ginal products of labor MP £ and capital MP K . To see how, imagine adding some 
labor and reducing the amount of capital sufficient to keep output constant. Tire 
additional output resulting from the increased labor input is equal to the addi- 
tional output per unit of additional labor (the marginal product of labor) times 
the number of units of additional labor: 

Additional output from increased use of labor = (MP £ )(AL) 
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In §3.1, we explain that two 
goods are perfect substitutes 
if the marginal rate of substi- 
tution of one for the other is a 
constant. 


Similarly, the decrease in output resulting front the reduction in capital is the 
loss of output per unit reduction in capital (the marginal product ol capital) 
times the number of units of capital reduction: 

Reduction in output front decreased use of capital = (MP k )(AK) 

Because we are keeping output constant by moving along an isoquant, the total 
change in output must be zero. Thus, 

(MP,)(AL) + (MP k )(AK) = 0 

Now, by rearranging terms we see that 

(MP,)/(MP k ) = -(AK/AL) = MRTS (6.2) 


Equation (6.2) tells us that the marginal rate of technical substitution between ta o inputs 
is equal to the ratio of the marginal physical products of the inputs. Ti ns formula will be 
useful when we look at the firm's cost-minimizing choice of inputs m Chapter 7. 


■ 


Two extreme cases of production functions show the possible lange of input 
substitution in the production process. In the first case, shown in Figure 6.8, 
inputs to production are perfect substitutes for one another. Here the MRTS is con- 
stant at all points on an isoquant. As a result, the same output (say Q 3 ) can be 
produced with mostly capital (at A), with mostly labor (at C), or with a balanced 


Capital 

per 

Month 



Labor per Month 


When tine isoquants are straight lines, the MRTS is constant. Thus tire late at Much 
capital and labor can be substituted for each other is the same no matter what le\e 
of inputs is being used. Points A, B, and C represent three different capital-labor com- 
binations float generate the same output Q 3 . t- 
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Capital 

per 

Month 



When the isoquants are L-shaped, only one combination of labor and capital can be 
used to produce a given output (as at point A on isoquant Q t , point B on isoquant 
Q,, and point C on isoquant Q 3 ). Adding more labor alone does not increase output, 
nor does adding more capital alone. 


combination of both (at B). For example, musical instruments can be manufac- 
tured almost entirely with machine tools or with very few tools and highly 
skilled labor. 

Figure 6.9 illustrates the opposite extreme, the fixed-proportions production 
function. In this case, it is impossible to make any substitution among inputs. 
Each level of output requires a specific combination of labor and capital: 
Additional output cannot be obtained unless more capital and labor are added 
in specific proportions. As a result, the isoquants are L-shaped just as indiffer- 
ence curves are L-shaped when two goods are perfect complements. An example 
is the reconstruction of concrete sidewalks using jackhammers. It takes one per- 
son to use a jackhammer — neither two people and one jackhammer nor one per- 
son and two jackhammers will increase production. As another example, sup- 
pose that a cereal company offers a new breakfast cereal, Nutty Oat Crunch, 
whose two inputs, not surprisingly, are oats and nuts. The secret formula for the 
cereal requires exactly one ounce of nuts for every four ounces of oats in every 
cereal serving. If the company were to purchase additional nuts but not addi- 
tional oats, the output of cereal would remain unchanged, since the nuts must be 
combined with the oats in fixed proportions. Similarly, purchasing additional 
oats without additional nuts would also be unproductive. 

In Figure 6.9 points A, B , and C represent technically efficient combinations of 
inputs. For example, to produce output Q u a quantity of labor L 1 and capital Kj 
can be used, as at A. If capital stays fixed at K v adding more labor does not 
change output. Nor does adding capital with labor fixed at L l . Thus on the verti- 
cal and the horizontal segments of the L-shaped isoquants, either the marginal 
product of capital or the marginal product of labor is zero. Higher output results 
only when both labor and capital are added, as in the move from input combina- 
fion A to input combination B. 


fixed-proportions production 
function Production func- 
tion with L-shaped isoquants, 
so that only one combination 
of labor and capital can be 
used to produce each level of 
output. 

In §3.1, we explain that two 
goods are perfect comple- 
ments when the indifference 
curves for the goods are 
shaped as right angles. 
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The fixed-proportions production function describes situations in which 
methods of production are limited. For example, the production of a television 
show might involve a certain mix of capital (camera and sound equipment, etc) 
and labor (producer, director, actors, etc.). To make more television shows, all 
inputs to production must be increased proportionally. In particular, it would be 
difficult to increase capital inputs at the expense of labor, because actors are nec- 
essary inputs to production (except perhaps for animated films). Likewise, it 
would be difficult to substitute labor for capital, because filmmaking today 
requires sophisticated film equipment. 


mm 







C rops can be produced using different methods. Food grown on large farms 
in the United States is usually produced with a capital-intensive technology , 
which involves substantial investments in capital, such as buildings and equip- 
ment, and relatively little input of labor. However, food can also be produced 
using very little capital (a hoe) and a lot of labor (several people with the 
patience and stamina to work the soil). One way to describe the agricultural 
production process is to show one isoquant (or more) that describes the combi- 
nation of inputs that generates a given level of output (or several output levels). 
The description that follows comes from a production function for wheat that 
was estimated statistically.' 

Figure 6 10 shows one isoquant, associated with the production function, 
corresponding to an output of 13,800 bushels of wheat per y ear. The manager 
of the farm can use this isoquant to decide whether it is profitable to hire more 
labor or use more machinerv. Assume the farm is currently operating at A, with 
a labor input L of 500 hours and a capital input K of 100 machine hours. The 
manager decides to experiment by using onlv 90 hours of machine time. To 
produce the same crop per year, he finds that he needs to replace this machine 
time by adding 260 hours of labor 

The results of this experiment tell the manager about the shape of the wheat 
production isoquant. When he compares points A (where L = 500 and K = 100) 
and B (where L = 760 and K = 90) in Figure 6,10, both of which are on the 
same isoquant, the manager finds that the marginal rate of technical substitu- 
tion is equal to 0 04 ( -A K/AI. = - ( - 10)/260 = 04), 

The MRTS tells the manager the nature of the trade-off involved in adding 
labor and reducing the use of farm machinerv Because the MRTS is substan- 
tially less than 1 in value, the manager knows that when the wage of a laborer is 
equal to the cost of running a machine, he ought to use more capital, (At his 
current level of production, he needs 260 units of labor to substitute for 10 units 
of capital ) In fact, he knows that unless labor is much less expensive than the use 
of ci machine, his production process ought to become more capital-intensive. 

The decision about how manv laborers to hire and machines to use cannot 
be full v resolved until we discuss the costs of production in the next chapter. 
However, this example illustrates how knowledge about production isoquants 
and the marginal rate of technical substitution can help a manager. It also sug- 
gests whv most farms in the United States and Canada, where labor is rela- 


The food production function on which this example is based is given by the equation 
Q = lOO(KTr-), where Q is the rate of output in bushels of food per t ear, K is the quantity ot 
machines in use per t ear, and L is the number of hours of labor per year 



F,GUR i 610 Isoquant Describing the Production of Wheat 


A wheat output of 13,800 bushels per year can be produced with different combina- 
tions of labor and capital. The more capital-intensive production process is shown as 
point A, the more labor-intensive process as point B. Tire marginal rate of technical 
substitution between A and B is 10/260 = 0.04. 


tively expensive, operate in the range of production in which the MRTS is rela- 
tnely high (with a high capital-to-labor ratio), whereas farms in developing 
countries, m which labor is cheap, operate with a lower MRTS (and a lower 
capital-to-labor ratio).' The exact labor/capital combination to use depends on 
input prices, a subject we discuss in Chapter 7, 


6-5 Returns to Scale 


Our analysis of input substitution in the production process has shown us what 
appens when a firm substitutes one input for another while keeping output 
constant. However, in the long run, with all inputs variable, the firm must also 
sidei the best way to increase output One way to do so is to change the scale 
6 operation by increasing all of the inputs to production in proportion If it takes 
one farmer working with one harvesting machine on one acre of land to produce 

iT T y , 

m4u a 1 i e rat r e d o’f C t p°rbli ln< ) ti0n i 5^" ^ iS n0t difficult ( US «'S m1cu1us ) show that the 

MrtshJ technical substitution is given by MRTS = (MP,/MP,) = (1/4)(JC/L) Thus the 

Production F, C-h ? ' J , Z ! lb . erman ' and Elthan Hoehman, "Estimation of Multicrop 
n Functions, American Journal of Agricultural Economics 65 (1983): 770-80. F 
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100 bushels of wheat, what will happen to output if we put two farmers to work 
with two machines on two acres of land? Output will almost certain y increase, 
returns to scale Rate at which but will it double, more than double, or less than double’ Returns to scale is the 
output increases as inputs are rate at which output increases as inputs are increased proportionately We wdl 
increased proportionately examine three different cases: increasing, constant, and decreasing l etui ns to 

scale. 

Imcreaseng Retyras t© Seal)© 

If output more than doubles when inputs are doubled, there are increasing 
returns to scale. This might arise because the larger scale of operation allows 
managers and workers to specialize in their tasks and to make use ot more 
sophisticated, large-scale factories and equipment. The automobile assembly 

line is a famous example of increasing returns. 

The prospect of increasing returns to scale is an important issue from a public 
policy perspective If there are increasing returns, then it is economically advan- 
tageous to have one large firm producing (at relatively low cost) rather than to 
have manv small firms (at relatively high cost). Because this large firm can con- 
trol the price that it sets, it may need to be regulated. For example, increasing 
returns in the provision of electricity is one reason why we hav e large, regulated 
power companies. 

Comsstanf Returns to Scale 

A second possibility with respect to the scale of production is that output may 
double when inputs are doubled. In this case, we say there are constant returns 
to scale. With constant returns to scale, the size of the firm's operation does not 
affect the productivity of its factors— one plant using a particular production 
process can easily be replicated, so that two plants produce twice as much out- 
put. For example, a large travel agency might provide the same service per client | 
arid use the same ratio of capital (office space) and labor (travel agents) as a | 
small agency that services fewer clients. 

Decreasing Returns t© Scale 

Finally, output may less than double when all inputs double This case of 
decreasing returns to scale decreasing returns to scale applies to some firms with laige-sca e opeiatiom 

Output less than doubles Eventually, difficulties in organizing and running a large-scale operation ma 

when all inputs are doubled. [ eac } t0 decreased productivity of both labor and capital. Communica l 

between workers and managers can become difficult to monitor as the work- 
place becomes more impersonal. Thus the decreasing-returns case is likely o be 
associated with the problems of coordinating tasks and maintaining a usetu me 
of communication between management and w orkers. 

Descriibaing Returns S© Scale 

Tire presence or absence of returns to scale is seen graphically in the two parts of 
Figure 6.11. The line (M from the origin in each panel describes a production 
process in which labor and capital are used as inputs to produce various le\ e> 
Of output in the ratio of 5 hours of labor to 2 hours of machine timer In Figure 
6.11(a), the firm's production function exhibits constant returns to sea e. iel 


constant returns to scale 
Output doubles when all 
inputs are doubled. 


increasing returns to scale 
Output more than doubles 
when all inputs are doubled. 
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(machine 

hours) 


Capital 
A (machine 
hours) 





Labor (hours) 


Labor (hours) 


FIGURE 6.1 1 Returns to Scale 


When a firm's production process exhibits constant returns to scale as shown by a movement along ray 0A in part (a), 
the isoquants are equally spaced as output increases proportionally'. However, when there are increasing returns to 
scale as shown in (b), the isoquants move closer together as inputs are increased along the ray. 


hours of labor and 2 hours of machine time are used, an output of 10 units is pro- 
duced. When both inputs double, output doubles from 10 to 20 units; when both 
inputs triple, output triples, from 10 to 30 units. Put differently, twice as much of 
both inputs is needed to produce 20 units, and three times as much is needed to 
produce 30 units. 

In Figure 6.11(b), the firm's production function exhibits increasing returns to 
scale. Now the isoquants become closer together as we move away from the ori- 
gin along 0 A. As a result, less than twice the amount of both inputs is needed to 
increase production from 10 units to 20; substantially less than three times the 
inputs are needed to produce 30 units. The reverse would be true if the produc- 
tion function exhibited decreasing returns to scale (not shown here). With 
decreasing returns, the isoquants become increasingly distant from one another 
as output levels proportionally increase. 

Returns to scale vary considerably' across firms and industries. Other things 
being equal, the greater the returns to scale, the larger firms in an industry' are 
likely' to be. Because manufacturing involves large investments in capital equip- 
ment, manufacturing industries are more likely to have increasing returns to 
scale than service-oriented industries. Sendees are more labor-intensive and can 
usually be provided as efficiently in small quantities as they' can on a large scale. 


example 


Returns to Scale in the Carpet Industry 


TP he carpet industry in the United States centers around the town of Dalton 
-1 in northern Georgia From a relatively small industry with manv small 
firms in the first half of the twentieth century, it grew rapidly and became a 
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CARPET SHIPMENTS, 1996 
(MILLIONS OF DOLLARS PER YEAR) 


1. Shaw Industries 

2. Mohawk Industries 

3. Beaulieu of America 

4. Interface Flooring 

5. Queen Carpet 


3,202 

6. World Carpets 

475 

1,795 

7. Burlington Industries 

450 

1,006 

8. Collins & Aikman 

418 

820 

9. Masland Industries 

380 

775 

10. Dixie Yarns 

280 


major industry with a large number of firms of all sizes. For example, the top 
ten carpet manufacturers, ranked by shipments in millions of dollais in 1996, 
are shown in Table 6.5. u 

Currently, there are three relatively large manufacturers (Shaw, Mohawk, 
and Beaulieu), along with a number of smaller producers There are also many 
carpet retailers, wholesale distributors, carpet buying groups, and national 
retail carpet chains. The carpet industry has grown rapidly for several reasons. 
Consumer demand for wool, nylon, and polypropylene carpets in commercial 
and residential uses has skyrocketed. In addition, innovations such as the intro- 
duction of larger, faster, and more efficient carpet-tufting machines have 
reduced costs and greatly increased carpet production. Along with the increase 
in production, innovation and competition have worked together to reduce real 
carpet prices. 

To what extent, if any, can the growth of the carpet industry be explained by 
the presence of returns to scale? There have certainly been substantial improve- 
ments in the processing of key production inputs (such as stain-resistant tain) 
and in the distribution of carpets to retailers and consumers. But what about 
the production of carpets? Carpet production is capital intensir e manufactur- 
ing plants require heavy investments in high-speed tufting machines that turn 
various types of yarn into carpet, as well as machines that put the backings 
onto the carpets, cut the carpets into appropriate sizes, and package, label, and 
distribute them. 

Overall, physical capital (including plant and equipment) accounts for about 
77 percent of a typical carpet manufacturer's costs, while labor accounts for the 
remaining 23 percent. Over time, the major caipet manufacturers hare 
increased the scale of their operations by putting larger and more efficient tuft- 
ing machines into larger plants. At the same time, the use of labor in these 
plants has also increased significantly. The result? Proportional increases in 
inputs have resulted in a more than proportional increase in output for these 
larger plants. For example, a doubling of capital and labor inputs might lead to 
a 110-percent increase in output. This pattern has not, however, been uniform 
across the industry. Most smaller carpet manufacturers have found that small 
changes in scale "have little or no effect on output; i.e., small pioportional 
increases in inputs have only increased output proportionally 


9 Frank O'Neill, "The Focus 100," Focus (May 199/): 20. 
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We can therefore characterize the carpet industry as one in which there are 
constant returns to scale for relatively small plants but increasing returns to 
scale for larger plants. These increasing returns, however, are limited, and we 
can expect that if plant size were increased further, there would eventually be 
decreasing returns to scale. 


EliL 


A production function describes the maximum output a 
firm can produce for each specified combination of 
inputs. 

An isoquant is a curve that shows all combinations of 
inputs that yield a given level of output. A firm's pro- 
duction function can be represented by a series of iso- 
quants associated with different levels of output 
In the short run, one or more inputs to the production 
process are fixed, hi the long run, all inputs are poten- 
tially Variable- 

Production with one variable input, labor, can be use- 
fully described in terms of the average product of labor 
(which measures output per unit of labor input), and 
the marginal product of labor (which measures the addi- 
tional output as labor is increased by 1 unit). 
According to the law of diminishing marginal returns, 
when one or more inputs are fixed, a variable input 
(usually labor) is likely to have a marginal product that 
eventually diminishes as the level of input increases. 
Isoquants always slope downward because the mar- 
ginal product of all inputs is positive. The shape of 
each isoquant can be described by the marginal rate of 


technical substitution at each point on the isoquant. 
The marginal rate of technical substitution of labor for cap- 
ital (MRTS) is the amount by which the input of capi- 
tal can be reduced when one extra unit of labor is 
used so that output remains constant. 

7. The standard of living that a country can attain for its 
citizens is closely related to its level of labor produc- 
tivity. Decreases in the rate of productivity growth in 
developed countries are due in part to the lack of 
growth of capital investment. 

8. The possibilities for substitution among inputs in the 
production process range from a production function 
in which inputs are perfect substitutes to one in which 
the proportions of inputs to be used are fixed (a fixed- 
proportions production function). 

9. In long-run analysis, we tend to focus on the firm's 
choice of its scale or size of operation. Constant 
returns to scale means that doubling all inputs leads 
to doubling output. Increasing returns to scale occurs 
when output more than doubles when inputs are 
doubled; decreasing returns to scale applies when 
output less than doubles. 


QUESTIONS FOR REVIEW 


1. What is a production function? How does a long-run 
production function differ from a short-run produc- 
tion function? 

2. Why is the marginal product of labor likely to 
increase and then decline in the short run? 

3. Diminishing returns to a single factor of production arid 
constant returns to scale are not inconsistent. Discuss. 

4- You are an employer seeking to fill a vacant position 
on an assembly line Are you more concerned with 
the average product of labor or the marginal product 


of labor for the last person hired? If you observe that 
your average product is just beginning to decline, 
should you hire any more workers? What does this 
situation imply about the marginal product of your 
last worker hired? 

5. Faced with constantly changing conditions, why 
would a firm ever keep any factors fixed? What crite- 
ria determine whether a factor is fixed or variable? 

6. How does the curvature of an isoquant relate to the 
marginal rate of technical substitution? 
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T n the last chapter, we examined the firm's production tech- 
JLnology — the relationship that shows how factor inputs can 
be transformed into outputs. Now we will see how the pro- 
duction technology, together with the prices of factor inputs, 
determine the firm's cost of production. 

Given a firm's production technology, managers must 
decide how to produce. As we saw, inputs can be combined in 
different ways to yield the same amount of output. For exam- 
ple, one can produce a certain output with a lot of labor and 
very little capital, with very little labor and a lot of capital, or 
with some other combination of the two. In this chapter we see 
how the optimal — i.e., cost-minimizing — combination of inputs 
is chosen. We will also see how a firm's costs depend on its 
rate of output and show how these costs are likely to change 
over time. 

We begin by explaining how cost is defined and measured, 
distinguishing between the concept of cost used by econo- 
mists, who are concerned about the firm's future performance, 
and by accountants, who focus on the firm's financial state- 
ments. We then examine how the characteristics of the firm's 
production technology affect costs, both in the short run, when 
the firm can do little to change its capital stock, and in the long 
run, when the firm can change all its factor inputs. 

We then show how the concept of returns to scale can be 
generalized to allow for both changes in the mix of inputs and 
the production of many different outputs. We also show how 
cost sometimes falls over time as managers and workers learn 
from experience and make the production process more effi- 
cient. Finally, we show how empirical information can be used 
to estimate cost functions and predict future costs. 
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Before we can analyze how a firm can minimize costs, we must 
clarify what we mean by cost in the first place and how we 
should measure it. What items, for example, should be 
included as part of a firm's cost? Cost obviously includes the 
wages a firm pays its workers and the rent it pays for office 
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7. Can a firm have a production function that exhibits 
increasing returns to scale, constant returns to scale, 
and decreasing returns to scale at different scales of 
production as output increases? Discuss. 


4. A firm has a production process in which the inputs 
to production are perfectly substitutable in the long 
run. Can you tell whether the marginal rate of techni- 
cal substitution is high or low, or is further informa- 
tion necessary? Discuss. 

5. The marginal product of labor is known to be greater 
than the average product of labor at a given level of 
employment. Is the average product increasing or * 
decreasing? Explain. 

6. The marginal product of labor in the production of f 
computer drips is 50 chips per hour. The marginal 
rate of technical substitution of hours of labor for 
hours of machine-capital is 1/4. What is the marginal ’ 
product of capital? 

7. Do the following production functions exhibit de- 
creasing, constant, or increasing returns to scale? 

a. Q = .5 KL \ 

b. Q = 2K + 3L 

8. The production function for the personal computers 
of DISK, Inc., is given by Q = 10K ? L r , where Q is the 
number of computers produced per day, K is hours of 
machine time, and L is hours of labor input. DISK'S 
competitor, FLOPPY, Inc., is using the production* 
function Q = 10K °L 4 . 

a. If both companies use the same amounts of capital 
and labor, which will generate more output? 

b. Assume that while capital is limited to 9 machine 
hours, labor is unlimited in supply, ha which com- 
pany is the marginal product of labor greater? 
Explain. 

In Example 6.3, wheat is produced according to the 
production function Q = 100(K ,S L 2 ). 

a. Beginning with a capital input of 4 and a labor 
input of 49, show that the marginal product of 
labor and the marginal product of capital are both 
decreasing. 

b. Does this production function exhibit increasing, 
decreasing, or constant returns to scale? 


9. 


8. Give an example of a production process in which the 
short run involves a day or a week, and the long ru^ 
any period longer than a week. 


3. A political campaign manager must decide whether 
to emphasize television advertisements or letters to 
potential voters. Describe the production function for 
votes How might information about this function 
(such as the shape of the isoquants) help the cam- 
paign manager to plan strategy? 


1. 


Suppose a chair manufacturer is producing in the 
short run when equipment is fixed. The manufacturer 
knows that as the number of laborers used in the pro- 
duction process increases from 1 to 7, the number of 
chairs produced changes as follows: 10, 17, 22, 25, 26, 
25, 23. 

a. Calculate the average and marginal product of 
labor for this production function. 

b. Does this production function exhibit diminishing 
returns to labor? Explain. 

c. Explain intuitively what might cause the marginal 
product of labor to become negative. 

Fill in the gaps in the table below. 




MARGINAL 

AVERAGE 

QUANTITY OF 


PRODUCT OF 

PRODUCT OF 

VARIABLE 

TOTAL 

VARIABLE 

VARIABLE 

INPUT 

OUTPUT 

INPUT 

INPUT 

0 

0 

— 

— 

1 150 

2 



200 

3 


200 


4 

760 



5 


150 


6 



150 
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space. But what if the firm already owns an office building and doesn't have to 
pav rent? How should we treat money that the firm spent two or three years ago 
(and can't recover) for equipment or for research and development? We'll 
answer questions such as these in the context of the economic decisions that 


managers make. 


accounting cost Actual 
expenses plus depreciation 
charges for capital equipment 


economic cost Cost to a 
firm of utilizing economic 
resources in production, 
including opportunity cost. 


ieouiomic Cost v©i*sus Accounting! Cose 

Economists often think of cost differently from financial accountants, who are 
usually concerned with reporting the past performance of the firm for external 
use, as in annual reports. Financial accountants tend to take a retrospective view 
of the firm's finances and operations because they must keep track of assets and 
liabilities and evaluate past performance. As a result, accounting cost— the cost 
that financial accountants measure — can include items that an economist would 
not include and would not include items that economists usually do include. For 
example, accounting cost includes actual expenses plus depreciation expenses 
for capital equipment, which are determined on the basis of the allowable tax 

treatment by the Internal Revenue Service. 

Economists— and we hope managers— take a forward-looking view of the 
firm. They are concerned with the allocation of scarce resources. Therefore, they 
care about what cost is likely to be in the future and about ways in which the 
firm mwht be able to rearrange its resources to lower its costs and improve its 
profitability. As we will see, economists are therefore concerned with economic 
cost, which is the cost associated with forgone opportunities. The word economic 
tells us to distinguish between costs that the firm can control and those it cannot. 


■ 

M 


opportunity cost Cost asso- 
ciated with opportunities that 
are forgone when a firm's 
resources are not put to their 
highest-value use. 


Economists use the terms economic cost and opportunity cost synonymously. 
Opportunity cost is the cost associated with opportunities that are forgone by 
not putting the firm's resources to their highest-value use. For example, consider 
a firm that owns a building and therefore pays no rent for office space. Does this 
mean that the cost of office space is zero? While a financial accountant would 
treat this cost as zero, an economist would note that the firm could have earned 
rent on the office space by leasing it to another company. This forgone rent is the 
opportunity cost of utilizing the office space and should be included as part o 
the economic cost of doing business. 

Accountants and economists both include actual monetary outlays, cal e 
cash flows, in their calculations. Cash flows include wages, salaries, and the cost 
of materials and property rentals; they are important because they involve direct 
payments to other firms and individuals. These costs are relevant for the econo- 
mist because most monetary outlays, including wages and materials costs, rep- 
resent money that could have usefully been spent elsewhere. 

Let's take a look at how opportunity cost can make economic cost differ froi 
accounting cost in the treatment of wages and economic depreciation. Consi er a 
owner who manages her own retail store but chooses not to pay herself a sa ap 
Although no monetary tr ansaction has occurred (and thus no accounting cost i 
recorded), the business nonetheless incurs an opportunity cost because the ownfl 
could have earned a competitive salary by working elsewheie. _ 

Likewise, accountants and economists often treat depreciation different!) 
When estimating the future profitability of a business, an economist 01 manage 
is concerned with the capital cost of plant and machinery. This cost involves no 




* 
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on lv the monetary outlay for buying and then running the machinery, but also 
the cost associated with wear and tear. When evaluating past performance, cost 
ccountants use tax rules that apply to broadly defined types of assets to deter- 
mine allowable depreciation in their cost and profit calculations. But these 
depreciation allowances need not reflect the actual wear and tear on the equip- 
ment, which is likely to vary asset by asset. 

gyn)jk Costs 

Although an opportunity cost is often hidden, it should be taken into account 

when making economic decisions. Just the opposite is true of a sunk cost: an sunk cost Expenditure that 
expenditure that has been made and cannot be recovered, A sunk cost is usually lias 136611 n,acie ancl cannot be 

visible, but after it has been incurred, it should always be ignored when making rec0 ' ere d 

future economic decisions. 

Because a sunk cost cannot be recovered, it should not influence the firm's 
decisions. For example, consider the purchase of specialized equipment 
designed for a plant. Suppose the equipment can be used to do only what it was 
originally designed for and cannot be converted for alternative use. Tire expen- 
diture on this equipment is a sunk cost. Because it has no alternative use, its oppor- 
tunity cost is zero. Thus it should not be included as part of the firm's costs. The 
decision to buy this equipment may have been good or bad. It doesn't matter. 

It's water under the bridge and shouldn't affect current decisions. 

What if, instead, the equipment could be put to other use, or could be sold or 
rented to another firm? In that case its use would inv olve an economic cost — 
namely, the opportunity cost of using it rather than selling or renting it to 
another firm. 

Now consider a prospective sunk cost. Suppose, for example, that the firm has 
not yet bought the specialized equipment but is merely considering whether to 
do so. A prospective sunk cost is an investment. Here the firm must decide 
whether that investment in specialized equipment is economical — i.e., whether it 
will lead to a flow of revenues large enough to justify its cost. In Chapter 15, we 
explain in detail how to make investment decisions of this kind. 

As an example, suppose a firm is considering moving its headquarters to a 
new city. Last year it paid $500,000 for an option to buy a building in the city. Tine 
option gives the firm the right to buy the building at a cost of $5,000,000, so that if 
it ultimately makes the purchase, its total expenditure will be $5,500,000. Now it 
finds that a comparable building has become available in the same city at a price 
of $5,250,000. Which building should it buy? The answer is the original building. 

The $500,000 option is a cost that has been sunk and that should not affect the 
firm's current decision. What's at issue is spending an additional $5,000,000 or an 
additional $5,250,000. Because the economic analysis removes the sunk cost of the 
option from the analysis, the economic cost of the original property is $5,000,000. 

Tire newer property, meanwhile, has an economic cost of $5,250,000. Of course, if 
the new building cost $4,750,000, the firm should buy it arid forgo its option. 


example 7.1 Choosing the Location for a New Law 
School Building 


T he Northwestern University Law School has long been located in Chicago, 
along the shores of Lake Michigan. However, the main campus of the uni- 
versity is located in the suburb of Evanston. In the mid-1970s, the law school 
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began planning the construction of a new building and needed to decide on an 
appropriate location. Should it be built on the current site, where it would 
remain near downtown Chicago law firms? Oi should it be mo\ ed to 
Evanston, where it would become physically integrated with the rest of the 
university? 

The downtown location had many prominent supporters They argued in 
part that it was cost-effective to locate the new building in the city because the 
university already owned the land. A large parcel of land would ha\ e to be 
purchased in Evanston if the building were to be built there. Does this argu- 
ment make economic sense? 

No. It makes the common mistake of failing to appreciate opportunity costs. 
From an economic point of view, it is very expensive to locate downtown 
because the opportunity cost of the valuable lakeshore location is high: that 
property could have been sold for enough money to buy the Evanston land 
with substantial funds left over. 

In the end, Northwestern decided to keep the law school in Chicago, .his 
was a costlv decision It may have been appropriate if the C hicago location was 
particularly valuable to the law school, but it was inappropriate if it was made 
on the presumption that the downtown land was without cost 



total cost (TC or C) Total 
economic cost of production, 
consisting of fixed and vari- 
able costs. 

fixed cost (FC) Cost that does 
not vary with the level of 
output. 

variable cost (VC) Cost that 
varies as output varies. 


Foxed Costs sumd Wariaibll© Costs 

Some of the firm's costs vary with output, while others remain unchanged as 
long as the firm is producing any output at all. This distinction will be important 
when we examine the firm's profit-maximizing choice of output m the next 
chapter We therefore divide total cost (TC, or C) — the total economic cost or 
production — into two components: 

□ Fixed cost (FC): A cost that does not vary with the lev el of output, 
m Variable cost (VC): A cost that varies as output varies. 

Depending on circumstances, fixed costs may include expenditures tor plant 
maintenance, insurance, and perhaps a minimal number of employees. This cost 
remains the same no matter how much output the firm produces. Variable cost, 
which includes expenditures for wages, salaries, and raw materials, incieasesas 
output increases. 

Fixed cost does not vary with the level of output — it must be paid even it 
there is no output. The only way that a firm can eliminate its fixed costs is by going out 
of business. 

Which costs are variable and which are fixed depends on the time hoi izon 
that we are considering. Over a very short time horizon- say, one or two 
months— most costs are fixed. Over such a short period, a firm is typically obli- 
gated to receive and pay for contracted shipments of materials and cannot easily 
lav off workers. On the other hand, over a long time horizon— say two or three 
years — many costs become variable Over a long time horizon, if the fiim wants 
to reduce its output, it can reduce its workforce, purchase less raw material, and 
perhaps even sell off some of its capital. 

When a firm plans a change in its operations, it usually wants to know how 
that change will affect its costs. Consider, for example, a problem Delta Air Lines 
faced recently. Delta wanted to know how its costs would change if it reduced 
the number of its scheduled flights by 10 percent. The answer depends on 
whether we are considering the short run or the long run. Over the short run- 
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, six months — schedules are fixed and it is difficult to lay off or discharge 
workers. As a result, most of Delta's short-run costs are fixed and won't be 
reduced significant!}' with the flight reduction. In the long run — say two years 

~ " ’ lease 

case, 
a 10- 

percent flight reduction is put in place. 

Fixed v'ersys SunSc Costs 

people often confuse fixed and sunk costs. Fixed costs are costs that are paid by a 
firm that is in business, regardless of the level of output it produces. Such costs 
can include, for example, the salaries of the key executives that run the business, 
and expenses for their office space and support staff. Fixed costs can be avoided 
if the firm goes out of business — the key executives, for example, will no longer 
be needed. Sunk costs, on the other hand, are costs that have been incurred and 
cannot be recovered. An example is the cost of a factory with specialized equip- 
ment that is of no use in another industry. This expenditure is mostly sunk 
because it cannot be recovered. (Some of the cost might be recoverable if the 
equipment is sold for scrap.) The cost of the factory and equipment is not a fixed 
cost, because it cannot be recovered even if the firm shuts down. Suppose, on the 
other hand, that the firm had agreed to make payments into a worker retirement 
plan as long as the firm was in operation, regardless of its output or its profitabil- 
ity. These payments could cease only if the firm went out of business, hr this case, 
annual payments into the retirement program should be viewed as a fixed cost. 


or nl ore — the situation is quite different. Delta has sufficient time to sell or 
lanes that are not needed and to discharge unneeded workers. In this 
0 gt of Delta's costs are variable and thus can be reduced significantly if 


example 7 2 Sunk, Fixed, and Variable Costs: 

Computers, Software, and Pizzas 


A s you progress through this book, you will see that a firm's pricing and 
production decisions — and its profitability — depend strongly on the 
structure of its costs. It is therefore important for managers to understand the 
characteristics of production costs and to be able to identify which costs are 
fixed, which are variable, and which are sunk. The relative sizes of these differ- 
ent cost components can vary considerably across industries. Good examples 
include the personal computer industry 7 (where most costs are variable), the 
computer software industry (where most costs are sunk), and the pizzeria busi- 
ness (where most costs are fixed). Let's look at each of these in turn. 

Companies like Dell, Gateway, Compaq, and IBM produce millions of per- 
sonal computers every year. Because the computers they produce are very sim- 
ilar, competition is intense, and profitability 7 depends critically on the ability to 
keep costs down. Most of these costs are variable — they increase in proportion 
to the number of computers produced each year. Most important is the cost of 
components: the microprocessor that does much of the actual computation, 
memory chips, hard disk drives and other storage devices, video and sound 
cards, etc. Typically, the majority 7 of these components are purchased from out- 
side suppliers in quantities that depend on the number of computers produced. 

Another important part of variable cost for these companies is labor, 
workers are needed to assemble the computers and then to package and ship 
them. There is little in the way of sunk costs because the factories cost little rel- 
ative to the value of the company's annual output. Likewise, there is little in the 
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wav of fixed costs— perhaps the salaries of the top executives, some security 
ouards and electricity. Thus, when Dell and Gateway think about ways of 
reducing cost, they focus largely on getting better prices for components or 
reducing labor requirements — both of which are ways of reducing \ a liable 
cost. 

What about the software programs that run on these personal computers? 
Microsoft produces the Windows operating system as well as a variety of 
applications such as Word, Excel, and PowerPoint. But many other firms- 
some large and some small— also produce software programs that run on 
personal computers. The costs of production for such firms are quite differ- 
ent from those facing hardware manufacturers. In software production 
most costs are sunk. Typically, a software firm will spend a large amount of 
money to develop a new application program. These expenditures cannot be 

recovered. 

Once the program is completed, the company can try to recoup its invest- 
ment (and make a profit as well) by selling as many copies of the program as 
possible. The variable cost of producing copies of the program is very small- 
it is lamely the cost of copying the program to floppy disks or CDs and then 
packaging and shipping the product. Likewise, the fixed cost of production is 
small. Because most costs are sunk, entering the software business can 
involve considerable risk. Until the development money has been spent and 
the product has been released for sale, an entrepreneur is unlikely to know 
how many copies can be sold and whether or not he will be able to make 

money. 

Finally, let's turn to your neighborhood pizzeria. For the pizzeria, the 
lamest component of cost is fixed. Sunk costs are fairly low because pizza 
ovens, chairs, tables, and dishes can be resold if the pizzeria goes out of busi- 
ness. Variable costs are also fairly low— mainly the ingredients for pizza 
(flour, tomato sauce, cheese, and pepperoni for a typical large pizza might cost 
SI) and perhaps wages for a couple of workers to help produce, serve, and 
deliver the pizzas. Most of the cost is fixed — the opportunity cost of the 
owner's time (he might typically work a 60- or 70-hour week), rent, and utili- 
ties. Because of these high fixed costs, most pizzerias (which might charge §10 
for a large pizza costing about $3 in variable cost to produce) don't make very 
high profits. 


IS. Cost in the Short Kt 


We begin our detailed analysis of cost with the short-run case. The distinction 
between fixed and variable costs is important here. To decide how much to pro- 
duce, managers must know how variable cost increases with the level of outpu • 
It will also be helpful to consider some other measures of cost. We will use a spe 
cific example that typifies the cost situation of many firms. After we explain each 
of the cost concepts, we will show how they relate to the analysis m Chapter 6 or 

the firm's production process. _ , 

The data in Table 7.1 describe a firm with a fixed cost of §50. Variable co 
increases with output, as does total cost, which is the sum of the fixed cost m col- 
umn 1 and the variable cost in column 2. From the figures given in columns 
and 2, a number of additional cost variables can be defined. 
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AVERAGE 

AVERAGE 

AVERAGE 

rate of 

FIXED 

VARIABLE 

TOTAL 

MARGINAL 

FIXED 

VARIABLE 

TOTAL 

OUTPUT 

COST 

COST 

COST 

COST 

COST 

COST 

COST 

(UNITS 

(DOLLARS 

(DOLLARS 

(DOLLARS 

(DOLLARS 

(DOLLARS 

(DOLLARS 

(DOLLARS 

PER YEAR) 

PER YEAR) 

PER YEAR) 

PER YEAR) 

PER UNIT) 

PER UNIT) 

PER UNIT) 

PER UNIT) 


(FC) 

(VC) 

(TC) 

(MC) 

(AFC) 

(AVC) 

(ATC) 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

0 

50 

0 

50 

— 

— 

— 

— 

1 

50 

50 

100 

50 

50 

50 

100 

2 

50 

78 

128 

28 

25 

39 

64 

3 

50 

98 

148 

20 

16.7 

32.7 

49.3 

4 

50 

112 

162 

14 

12.5 

28 

40.5 

5 

50 

130 

180 

18 

10 

26 

36 

6 

50 

150 

200 

20 

8.3 

25 

33.3 

7 

50 

175 

225 

25 

7.1 

25 

32.1 

8 

50 

204 

254 

29 

6.3 

25.5 

31.8 

9 

50 

242 

292 

38 

5.6 

26.9 

32.4 

10 

50 

300 

350 

58 

5 

30 

35 

11 

50 

385 

435 

85 

4.5 

35 

39.5 


Marginal Cost (MC) Marginal cost — sometimes called incremental cost — is 
the increase in cost that results from producing one extra unit of output. Because 
fixed cost does not change as the firm's level of output changes, marginal cost is 
equal to the increase in variable cost or the increase in total cost that results from 
an extra unit of output. We can therefore write marginal cost as 

MC = AVC/AQ = ATC/AQ 

Marginal cost tells us how much it will cost to expand the firm's output by 
one unit. In Table 7.1, marginal cost is calculated from either the variable cost 
(column 2) or the total cost (column 3). For example, the marginal cost of increas- 
ing output from 2 to 3 units is §20 because the variable cost of the firm increases 
from §78 to §98. (The total cost of production also increases by §20, from §128 to 
§148. Total cost differs from variable cost only by the fixed cost, which bv defini- 
tion does not change as output changes.) 

Average lo tiki Cost (Al C) Average total cost, used interchangeably with 
AC and with average economic cost, is the firm's total cost divided by its level of 
output, TC/Q. Thus the average total cost of producing at a rate of five units is 
§36 — that is, §180/5. Basically, average total cost tells us the per-unit cost of pro- 
duction. 

ATC has two components Average fixed cost is the fixed cost (column 1 of 
fable 7.1) divided by the level of output, FC/Q. For example, the aver- 
se fixed cost of producing 4 units of output is 512.50 (§50/4). Because fixed 
c °st is constant, average fixed cost declines as the rate of output increases. 


marginal cost (MC) Increase 
in cost resulting from the pro- 
duction of one extra unit of 
ou tput. 


average total cost (ATC) 

Firm's total cost divided by 
its level of output. 


average fixed cost (AFC) 

Fixed cost divided bv the level 
of output 
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average variable cost (AVC) 
Variable cost divided by the 
level of output. 


In §6.3, we explain that dimin- 
ishing marginal returns occurs 
when additional inputs result 
in a decrease in additions to 
output. 


Average variable cost (AVC) is variable cost divided by the let el of output, 
VC/Q. The average variable cost of producing 5 units of output is S26— that i s , 
S130/5. 

J 

The Determinants of Short-Run Cost 

Table 7.1 shows that variable and total costs increase with output. The rate at 
which these costs increase depends on the nature of the production piocess and, 
in particular, on the extent to which production involv es diminishing letuins to 
variable factors. Recall from Chapter 6 that diminishing returns to labor occurs 
when the marginal product of labor is decreasing. If labor is the only input, what 
happens as we increase the firm's output? To produce mote output, the firm 
must hire more labor. Then, if the marginal product of labor decreases as the 
amount of labor hired is increased (owing to diminishing returns), successively 
greater expenditures must be made to produce output at the highei rate. As a 
result, variable and total costs increase as the rate of output is increased. On the 
other hand, if the marginal product of labor decreases only slightly as the 
amount of labor is increased, costs will not rise so fast when the late of output is 
increased. 1 

Let's look at the relationship between production arid cost in more detail by 
concentrating on the costs of a firm that can hire as much laboi as it \\ ishes at a 
fixed wage to. Recall that marginal cost MC is the change in variable cost for a 1- 
unit change in output (i.e., AVC/AQ). But the change in \ ariable cost is the per- 
unit cost of the extra labor it’ times the amount of extia labor needed to pioduce 
the extra output A L. Since AVC = it’AL, it follows that 


MC = AVC/AQ = wAL/AQ 


The marginal product of 
labor is discussed in §6.3. 


Recall from Chapter 6 that the marginal product of labor MP L is the change in 
output resulting from a 1-unit change in labor input, or AQ/AL. Theiefoie, the 
extra labor needed to obtain an extra unit of output is AL/AQ = 1/MP L . As a 
result, 


MC = it’/MPj. 


(7.1) 


Equation (7.1) states that marginal cost is equal to the price of the input 
divided bv its marginal product. Suppose, for example, that the maiginal prod- 
uct of labor is 3 and the wage rate is S30 per hour. In that case, 1 hour of labor 
will increase output by 3 units, so that 1 unit of output will require 1/3 addi- 
tional hour of labor and will cost S10. The marginal cost of producing that unit of 
output is S10, which is equal to the wage, S30, div ided by the marginal product 
of labor, 3. A low marginal product of labor means that a large amount of addi- 
tional labor is needed to produce more output, a fact that leads, in turn, to a high 
marginal cost. Conversely, a high marginal product means that the labor require- 
ment is low, as is the marginal cost. More generally, whenever the marginal 
product of labor decreases, the marginal cost of production increases, and vice 
versa. 2 


; 


; : 




1 We are implicitly assuming that because labor is hired in competitive markets, the payment per 
unit of factor used is the same regardless of the firm's output 

2 With two or more variable inputs, the relationship is more complex.. The basic principle, however, ^ 
still holds: The greater the productivity of factors, the less the variable cost that the firm must me 

to produce any given level of output. 
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Diminishing Marginal Returns and Marginal Cost Diminishing 
marginal returns means that the marginal product of labor declines as the quan- 
tity of labor employed increases. As a result, when there are diminishing mar- 
• n al returns, marginal cost will increase as output increases. This can be seen by 
looking at the numbers for marginal cost in Table 7.1. For output levels from 0 
through 4, marginal cost is declining; for output levels from 4 through 11, how- 
ever, marginal cost is increasing — a reflection of the presence of diminishing 
marginal returns. 

The Shapes of the Cost Curwes 

Figure 7.1 illustrates how various cost measures change as output changes. The 
top part of the figure shows total cost and its two components, variable cost and 



In (a) total cost TC is the vertical sum of fixed cost FC and variable cost VC. In 
(b) average total cost ATC is the sum of average variable cost AVC arid average fixed 
cost AFC. Marginal cost MC crosses the average variable cost and average total cost 
curves at their minimum points. 
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fixed cost; the bottom part shows marginal cost and average costs. These cost 
curves, which are based on the information in Table 7.1, provide different kinds 
of information. 

Observe in Figure 7.1(a) that fixed cost FC does not vary with output— it i s 
shown as a horizontal line at 550. Variable cost VC is zero when output is zero and 
then increases continuously as output increases. Tire total cost curve TC is deter- 
mined by vertically adding the fixed cost curve to the variable cost cun e. Because 
fixed cost is constant, the vertical distance between the two cun es is always 550. 

Figure 7.1(b) shows the corresponding set of marginal and average variable 
cost curves. 3 Because total fixed cost is 550, the average fixed cost curve AFC 
falls continuously from 550 when output is 1, toward zero for large output. The 
shapes of the remaining curves are determined by' the relationship between the 
marginal and average cost curves. Whenever marginal cost lies below average 
cost, the average cost curve falls Whenever marginal cost lies above aveiage 
cost, the average cost curve rises. When average cost is at a minimum, maiginal 
cost equals average cost. 

Marginal and average costs are another example of the average-marginal relation- 
ship described in Chapter 6 (with respect to marginal and average product). At an 
output of 5 iir Table 7.1, for example, the marginal cost of IS is below the av eiage vari- 
able cost of S26; thus the average is lowered in response to increases in output. But 
when marginal cost is S29, which is greater than av eiage v aiiable cost (S25 5), the 
average increases as output increases Finally, when marginal cost (525) and av eiage 
cost (525) are the same, average variable cost remains unchanged (at about 525). 

The ATC curve shows the average total cost of production. Because aveiage 
total cost is the sum of average variable cost and average fixed cost and die AFC 
curve declines everywhere, the vertical distance between the ATC and A\ C curves 
decreases as output increases. Tire AVC cost curve reaches its minimum point at a 
lower output than the ATC curve. This follows because MC = AVC at its mini- 
mum point and MC = ATC at its minimum point. Because ATC is always greater 
than AVC and the marginal cost curve MC is rising, the minimum point of the 
ATC curve must lie above and to the right of the minimum point of the AVC curve. 

Another wav to see the relationship between the total cost curves and the 
average and marginal cost curves is to consider the line drawn from origin to 
point A in Figure 7.1(a). In that figure, the slope of the line measures average 
variable cost (a total cost of 5175 divided by an output of 7, or a cost per unit of 
S25). Because the slope of the VC curve is the marginal cost (it measuies the 
change in variable cost as output increases by 1 unit), the tangent to the VC 
curve at A is the marginal cost of production when output is 7. At A, this mar- 
ginal cost of 525 is equal to the average variable cost of S25, because average 

variable cost is minimized at this output 

Note that the firm's output is measured as a flow: The firm produces a ceitain 
number of units per year. Thus its total cost is a flow— for example, some number 
of dollars per vear. (Average and marginal costs, howev er, aie measured in do 
lars per unit.) For simplicity', vve will often drop the time reference, and tetei to 
total cost in dollars and output in units. But you should remember that a firms 
production of output and expenditure of cost occur over some time period. For 
simplicity, vve will often use cost (C) to refer to total cost. Likewise, unless noted 
otherwise, vve will use average cost (AC) to refer to average total cost. 

' I he curves do not exactly match the numbers in Table 7 1 Because marginal cost represents the 
change in cost associated with a change in output, we have plotted the MC curve for tne hrst uni ‘ 1 
output bv setting output equal to k for the second unit by setting output equal to 1=, and so on. 
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Marginal and average cost are very important concepts. As vve will see in 
Chapter 8, they enter critically into the firm's choice of output level. Knowledge 
of short-run costs is particularly important for firms that operate in an environ- 
ment in which demand conditions fluctuate considerably. If the firm is currently 
producing at a level of output at which marginal cost is sharply increasing, and 
if demand may increase in the future, management might want to expand pro- 
duction capacity - to avoid higher costs. 


E x am ple 7.3 The Short-Run Cost of Aluminum Smelting 


A luminum is a lightweight versatile metal used in a wide variety of applica- 
tions, including airplanes, automobiles, packaging, and building materi- 
als. The production of aluminum begins with the mining of bauxite in such 
countries as Australia, Brazil, Guinea, Jamaica, and Suriname. Bauxite is an ore 
that contains a relatively high concentration of alumina (aluminum oxide), 
which is separated from the bauxite through a chemical refining process. The 
alumina is then converted to aluminum through a smelting process in which an 
electric current is used to separate the oxygen atoms from the aluminum oxide 
molecules. It is this smelting process — which is the most costly' step in produc- 
ing aluminum— that we focus on here. 

All of the major aluminum producers, including Alcoa, Alcan, Reynolds, 
Alumax, and Kaiser, operate smelting plants. A ty'pical smelting plant will have 
two production lines, each of which produces approximately' 300 to 400 tons of 
aluminum per day. We will focus on the short-run cost of production. Thus we 
consider the cost of operating an existing plant because there is insufficient 
time in the short run to build additional plants. (It takes about four y'ears to 
plan, build, arid fully equip an aluminum smelting plant.) 

Although the cost of a smelting plant is substantial (over SI billion), we will 
assume that the plant cannot be sold, and therefore the expenditure is sunk and 
can be ignored. Furthermore, because fixed costs, which are largely for admin- 
istrative expenses, are relatively small, we will ignore them also. Thus we can 
focus entirely' on short-run variable costs. Table 7.2 shows the average operat- 
ing costs for a tvpical aluminum smelter. 4 The cost numbers apply' to a plant 
that runs two shifts per day to produce 600 tons of aluminum per day'. If prices 
were sufficiently high, the firm could choose to operate the plant on a three- 
shifts-per-day' basis by' asking workers to work overtime. However, wage and 
maintenance costs would likely' increase about 50 percent for this third shift 
because of the need to pay higher overtime wages. We have divided the cost 
components in Table 7.2 into two groups. The first group includes those costs 
that would remain the same at any output level, and tire second includes costs 
that would increase if output exceeded 600 tons per day'. 

Note that the largest cost components for an aluminum smelter are electric- 
ity' and the cost of alumina; together they' represent about 60 percent of total 
operating costs. Because electricity, alumina, and other raw materials are used 
in direct proportion to the amount of aluminum produced, they' represent vari- 
able costs that are constant with respect to the level of output. The costs of 
labor, maintenance, and freight are also proportional to the level of output. 

This example is based on Kenneth S. Corts, "The Aluminum Industry in 1994," Harvard Business 
School Case N9-799-129, April 1999 
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TABLE 7.2 Operating Costs for Alumin 
(based on an output of 600 


A Variable costs that are consta nt for a ll outp ut levels 


Electricity 

S316 

Alumina 

369 

Other raw materials 

125 

Plant power and fuel 

10 

Subtotal 

S820 


I 


B Variable costs that increase when output exceeds 600 tons/d ay 

Labor SI 50 

Maintenance I 20 

Freight 50 

S u btotaj^ S320 

Total operating costs S1140 

but only when the plant operates two shifts per day. To increase output above 
600 tons per day, a third shift would be necessary and would result in a 50- 
percent increase in the per-ton costs of labor, maintenance, and freight. 

The short-run marginal cost and average variable cost cun es for the smelt- 
ing plant are shown in Figure 7,2. The marginal and average \ ariable cost 


Cost 

(dollars per ton) 



900 

Output (tons per day) 


FIGURE 7.2 The Short-Run Variable Costs of Aluminum Smelting 


Tire short-run average variable cost of smelting is constant for output levels using up 
to two labor shifts. When the third shift is added, marginal cost and average variable 
cost increase until maximum capacity' is reached. __ 
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cur ves are horizontal at a cost of $1140 per ton for outputs up to 600 tons per 
d a y which represents the maximum output achievable with two shifts per day 
0 f production. As we move to the increased production of aluminum by means 
of a third shift, the marginal cost of labor, maintenance, and freight increases 
from 5370 per ton to S480 per ton, which causes marginal cost as a whole to 
increase from $1140 per ton to 51300 per ton. As the figure shows, the increases 
{A marginal costs cause average costs to increase as well. Finally, when output 
reaches 900 tons per day, an absolute capacity constraint is reached, at which 
point the marginal and average costs of production become infinite. 



In the long run, the firm can change all its inputs. In this section we show how a 
firm chooses the combination of inputs that minimizes the cost of producing a 
given output. We will also examine the relationship between long-run cost and 
the level of output. We begin by taking a careful look at the firm's cost of using 
capital equipment. We then show how this cost, along with the cost of labor, 
enters into the production decision. 

The User Cost of Capital 

Firms often rent or lease equipment, buildings, and other capital used in the pro- 
duction process. On other occasions, the capital is purchased. In our analysis, 
however, it will be useful to treat capital as though it were rented, even if it was, 
in fact, purchased. An illustration will help to explain how and why we do this. 
Following on our previous example, let's suppose that Delta Airlines is thinking 
about purchasing a new Boeing 777 airplane for 5150 million. Even though Delta 
would pay a large sum for the airplane now, for economic purposes the pur- 
chase price can be allocated or amortized across the life of the airplane. This will 
allow Delta to compare its revenues and costs on an annual flow basis. We will 
assume that the life of the airplane is 30 years; the amortized cost is therefore 55 
million per year. The 55 million can be viewed as the annual economic depreciation 
for the airplane. 

So far, we have ignored the fact that had the firm not purchased the airplane, 
it could have earned interest on its 5150 million. This forgone interest is an oppor- 
tunity cost that must be accounted for. Therefore, the user cost of capital — the 
annual cost of owning and using the airplane instead of selling it or never buy- 
ing it in the first place — is given by the sum of the economic depreciation and the 
interest (i.e., the financial return) that could have been earned had the money been 
invested elsewhere. 3 Formally, 

User Cost of Capital = Economic Depreciation + (Interest Rate) (Value of Capital) 


ri More precisely, the financial return should reflect an investment with similar risk The interest rate, 
merefore, should include a risk premium. We discuss this point in Chapter 15. 


user cost of capital Sum of 
the annual cost of owning and 
using a capital asset, equal to 
economic depreciation plus 
forgone interest. 
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In our example, economic depreciation on the airplane is 55 million per year. 
Suppose Delta could have earned a return of 10 percent had it invested its 
money elsewhere. In that case, the user cost of capital is 55 million + (.10)($15 q 
million — depreciation). As the plane depreciates over time, its v alue declines, 
as does the opportunity cost of the financial capital that is in\ ested in it. For 
example, at the time of purchase, looking forward for the first year, the user cost 
of capital is 55 million - (,10)(S150 million) = S20 million. In the tenth year of 
ownership, the airplane, which will have depreciated by 550 million, will b e 
worth 5100 million. At that point, the user cost of capital will be $5 million + 
(.10)(5100 million) = 515 million per year. 

VVe can also express the user cost of capital as a mte pei dollai of capital. 

r = Depreciation rate - Interest rate 

For our airplane example, the depreciation rate is 1/30 = j.3j percent pei year. 

If Delta could have earned a rate of return of 10 percent per year, its usei cost of 
capital would be r = 3.33 + 10 = 13.33 percent per year. 

In the long run, the firm can change all its inputs. VVe will now show how the 
firm chooses the combination of inputs that minimizes the cost of producing a 
giv en output. We will then examine the relationship between long-run cost and 
the level of output. 
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rental rate Cost per year of 
renting one unit of capital. 


We now turn to a fundamental problem that all firms face: how to select inputs to 
produce a given output at minimum cost. For simplicity, we will work with two 
variable inputs: labor (measured in hours of work per year) and capital (mea- 
sured in hours of use of machinery per year). 

The amount of labor and capital that the firm uses will depend, of course, on 
the prices of these inputs. We will assume that there are competitiv e mai kets tor 
both inputs, so that their prices are unaffected by what the firm does. (In 
Chapter 14 we will examine labor markets that are not competitive.) In this 
case, the price of labor is simply the a 'age rate, w. But what about the price of-i| 
capital? 

The Price of Capital In the long run, the firm can adjust the amount of cap- 
ital it uses. (Even if the capital includes specialized machinery that has no alter- 
native use, expenditures on this machinery are not yet sunk and must be taken 
into account; the firm is deciding prospectively how much capital to obtain 
Unlike labor expenditures, however, large initial expenditures on capital are nee 
essary. In ordei to compare the firm's expenditure on capital with its ongoing 
cost of labor, we want to express this capital expenditure as a flow— eg., in dollars 
per year. To do this, we must amortize the expenditure by spreading it over the 
lifetime of the capital, and we must also account for the forgone inteiest that the 
firm could have earned by investing the money elsewhere. As we have just seen, 
this is exactly what we do when we calculate the user cost of capital. As above, the 
price of capital is its user cost, given by i = Depreciation rate + Interest rate. 

Rental Rate of Capital Sometimes capital is rented rather than purchased. 
An example is office space in a large office building. In this case, the pi ice of cap 
ital is its rental rate— i.e., the cost per year for renting a unit of capital. 


H 


Does this mean that we must distinguish between capital that is rented and 
ital that is purchased when we determine the price of capital? No. If the cap- 
ital market is competitive (as we have assumed it is), the rental rate should be equal 
j 0 the user cost, r. Why? Because in a competitive market, firms that own capital 
a , the owner of the large office building) expect to earn a competitive return 
ivhen they rent it — namely, the rate of return that they could have earned by 
investing their money elsewhere, plus an amount to compensate for the depreci- 
ation of the capital. This competitive return is the user cost of capital. 

Manv textbooks simply assume that all capital is rented at a rental rate r. As 
we have just seen, this assumption is reasonable. However, you should now 
understand why it is reasonable: Capital that is purchased can be treated as though it 
leere rented at a rental rate equal to the user cost of capital. 

For the remainder of this chapter, we will therefore assume that the firm rents 
all of its capital at a rental rate, or "price," r, just as it hires labor at a wage rate, 
0 r "price," w. We can now focus on how a firm takes these prices into account 
when determining how much capital and labor to utilize.” 


The Isocost Lome 

We begin by looking at the cost of hiring factor inputs, which can be represented 
by a firm's isocost lines. An isocost line shows all possible combinations of labor 
and capital that can be purchased for a given total cost. To see what an isocost 
line looks like, recall that the total cost C of producing any particular output is 
given by the sum of the firm's labor cost wL and its capital cost rK: 

C = wL t rK (7.2) 

For each different level of total cost, equation (7.2) describes a different isocost 
line. In Figure 7.3, for example, the isocost line C 0 describes all possible combina- 
tions of labor and capital that cost a total of C 0 to hire. 

If we rewrite the total cost equation as an equation for a straight line, 
we get 

K = C/r - ( w/r)L 

It follows that the isocost line has a slope of A K/AL = — (w/r), which is the ratio 
of the wage rate to the rental cost of capital. Note that this slope is similar to the 
slope of the budget line that the consumer faces (because it is determined solely 
by the prices of the goods in question, whether inputs or outputs). It tells us that 
if the firm gave up a unit of labor (and recovered w dollars in cost) to buy w/r 
units of capital at a cost of r dollars per unit, its total cost of production would 
remain the same. For example, if the wage rate were 510 and the rental cost of 
capital 55, the firm could replace one unit of labor with two emits of capital with 
no change in total cost. 


ft is possible, of course, that input prices might increase with demand because of overtime or a rel- 
ative shortage of capital equipment. We discuss the possibility of a relationship between the price of 
■actor inputs and the quantities demanded by a firm in Chapter 14. 


isocost line Graph showing 
all possible combinations of 
labor and capital that can be 
purchased for a given total 
cost. 
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Capital 



L- Labor per Year 


FIGURE 7.3 Producing a Given Output at Minimum Cost 


Isocost curves describe the combination of inputs to production that cost the same 
amount to the firm. Isocost curve C\ is tangent to isoquant Q; at A and shows that 
output Qi can be produced at minimum cost with labor input f { and capital input 
Ki. Other input combinations — L 2 , K 2 and L 3r K 3 — yield the same output at higher 
cost. 


Choosing Inputs 

Suppose we wish to produce at an output level Q v How can we do so at mini- 
mum cost? Look at the firm's production isoquant, labeled Qj, in Figure 7.3. The 
problem is to choose the point on this isoquant that minimizes total cost. 

Figure 7.3 illustrates the solution to this problem. Suppose the firm were to 
spend C 0 on inputs. Unfortunately, no combination of inputs can be purchased 
for expenditure C 0 that will allow the firm to achieve output Qj. However, out- 
put Qj can be achieved with the expenditure of C 2 , either by using K z units of 
capital and L 2 units of labor or by using K 3 units of capital and L 3 units of labor. 
But C 2 is not the minimum cost. The same output Qj can be produced more 
cheaply, at a cost of C v by using K } units of capital and L : units of labor. In fact, 
isocost line C\ is the lowest isocost line that allows output Q l to be produced. Tire 
point of tangencv of the isoquant Q 3 and the isocost line Cj at point A tells us the 
cost-minimizing choice of inputs, Lj and K v which can be read directly from the 
diagram. At this point, the slopes of the isoquant and the isocost line are just equal. 

When the expenditure on all inputs increases, the slope of the isocost 
line does not change — because the prices of the inputs hav e not changed. 
The intercept, however, increases. Suppose that the price of one of the inputs, 
such as labor, were to increase. In that case, the slope of the isocost line —(w/f) 
would increase in magnitude and the isocost line would become steeper. 
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Year 



L 2 Li 


Labor per Year 


FIGURE 7 4 ,f> P ut Sub stitution When an Input Price Changes 


Facing an isocost curve C,, die firm produces output Qj at point A using L, units of 
tlTit;eToul C t a S taL When th ; prke 0f lab0r leases, isocost SIn’es 

u units c £ SX" Si;:z P z " pom ' 8 ” isoco5 * c = b >' 


Figure z.T shows this. Initially, the isocost line is Q, and the firm minimizes its 

til un P1 °, dUCmg ° U , tpUt Ql at A b > r usin § L i uni ts of labor and K, units of capi- 

cost hnTc rTr^ \ 7 mCreases ' the isocost lm e becomes steeper. The iso- 
cost line C 2 reflects the higher price of labor. Facing this higher price of labor the 

ZTT? “ S £ ° f P10dudn « 0utpu > & ^ pvoducmg J B , using L 
£ , u ' Un,,S “ ca P lla ■ The firm hits responded to the highe? price of 
labor by substituting capital for labor in the production process. § ? 

How does the isocost line relate to the firm's production process’ Recall that 
our ana ys of production technology, we showed tfjfhe n arg ” a e 
o Z * 1 s T 5 " U, ‘° n MRTS of labOT f “' “P«al is the negative of°,he slope 

PM “ a " d ,S eqml ‘° ,he rati ° 0f ,he mar s inal PmSucts of labor an'd 


MRTS = - AK/AL = MP L /MP K ( 7 . 3 ) 

talTr T d ,ha, . lhe iSOCOSl lbae has a al °P a of iMIL - -it./ r. It follows 

cTnd,zr„;r ,zes ,he cost of producins a *»= **■ 


In §6.2, we explain that the 
MRTS is the amount by 
which the input of capital can 
be reduced when one extra 
emit of labor is used, so that 
output remains constant. 



MP l /MP k = w/r 
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We can rewrite this condition sliehtlv as follows: 

O 


MP L /u> = MP K /r 


(7.4) 


MP l / w is the additional output that results from spending an additional dol- 
lar for labor Suppose that the wage rate is S10 and that adding a worker to the 
production process will increase output by 20 units. The additional output per 
dollar spent on an additional worker will be 20/10 = 2 units of output per dol- 
lar. Similarly, MP^/r is the additional output that results from spending an 
additional dollar for capital Therefore, equation (7.4) tells us that a cost-mini- 
mizing firm should choose its quantities of inputs so that the last dollar's worth 
of an\ ; input added to the production process yields the same amount of extra 
output. 

Why must this condition hold for cost minimization? Suppose that in addi- 
tion to the S10 wage rate, the rental rate on capital is S2. Suppose also that 
adding a unit of capital will increase output by 20 units. In that case, the addi- 
tional output per dollar of capital input would be 20/S2 = 10 units of output per 
dollar. Because a dollar spent for capital is five times more productive than a 
dollar spent for labor, the firm will want to use more capital and less labor. If the 
firm reduces labor and increases capital, its marginal product of labor will rise 
and its marginal product of capital will fall. Eventually, the point will be 
reached where the production of an additional unit of output costs the same 
regardless of which additional input is used. At that point the firm is minimiz- 
ing its cost. 
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The Effect of Effluent Fees on Input Choices 


1 


S teel plants are often built on or near rivers. A river offers readilv available, 
inexpensive transportation for both the iron ore that goes into the produc- 
tion process and the finished steel itself. Unfortunately, it also provides a cheap 
disposal method for by-products of the production process, called effluent. For 
example, a steel plant processes its iron ore for use in blast furnaces by grinding 
taconite deposits into a fine consistency. During this process, the ore is 
extracted by a magnetic field as a flow of water and fine ore passes through the 
plant. One by-product of this process- — fine taconite particles — can be dumped 
in the river at relatively little cost to the firm. Alternative removal methods or 
private treatment plants are relatively expensive. 

Because the taconite particles are a nondegradable waste that can harm veg- 
etation and fish, the Environmental Protection Agency (EPA) has imposed an 
effluent fee — a per-unit fee that the steel firm must pay' for the effluent that 
goes into the river. How should the manager of a steel plant deal with the 
imposition of this effluent fee to minimize the costs of production? 

Suppose that without regulation the plant is producing 2000 tons of steel per 
month, using 2000 machine-hours of capital and 10,000 gallons of water (which 
contains taconite particles when returned to the river). The manager estimates 
that a machine-hour costs S40 and dumping each gallon of wastewater in the 
river costs S10. The total cost of production is therefore S180,000: S80,000 for 
capital and S100,000 for wastewater. How should the manager respond to an EPA- 
imposed effluent fee of S10 per gallon of wastewater dumped? The manager 
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The Cost-M inimizing Response to an Effluent Fee 


When the firm is not charged for dumping its wastewater in a river, it chooses to pro- 
duce a given output using 10,000 gallons of wastewater and 2000 machine-hours of 
PrTnr 1 ' an / tfluent Fee raises the cost of wastewater, shifts the isocost 
much less effluent CaUS6S ^ * Pr ° dUCe 3t B ~^ P r0cess that results ” 


knows that there is some flexibility in the production process. If the firm puts 
mto place more expensive effluent treatment equipment, the firm can achieve 
the same output with less wastewater. 

Figure / .3 shows the cost-minimizing response. Tine vertical axis measures 

t le firm s input ot capital in machine-hours per month— the horizontal axis 

measures the quantity ot wastewater in gallons per month. First, consider the 

el at which the firm produces when there is no effluent fee. Point A repre- 

sen s re input of capital and the level of wastewater that allows the firm to 

L°t dU n e qL !,° ta Stee ,‘ at minimum cost Because the firm is minimizing 

the '• ie \°v 16 iS ° COSt ine FC ' Which is tan § ent t0 th e isoquant. The slope of 

tu ZZ H eqUal t0 ”, 510/540 = -° 25 because a “"it of capital costs 
roui times more than a unit ot wastewater. 

peroalT" 1 ^ ^ ‘ S imposed ' the cost of wastewater increases from S10 

L ° !? n ° S "° For ever - v § allon of wastewater (which costs 510), the firm has 
th 1 : , 8 ° Ver 'iment an additional 510. The effluent fee therefore increases 

]he cos ot wastewater relative to capital To produce the same output at the 

of -C?Ein b - e “n S - ^ manager must choose the lsocost Bne with a slope 

anniv , . O.o that is tangent to the isoquant In Figure 7.5, DE is the 

wastewnf ate TU° COSt me ' and 6 8 ' VeS the a PP ro P ria te choice of capital and 
a, I'm ' m ° Ve fl0m /l t0 B shows that with an effluent fee the use of an 

‘ ernative production technology that emphasizes the use of capital (3500 


The Cost of Production 
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machine-hours) and uses less wastewater (5000 gallons) is cheaper than th e 
original process which did not emphasize recycling. Note that the total cost of 
production has increased to $240,000: S140,000 for capital, S50,000 for waste 
water, and $50,000 for the effluent fee.) 

We can learn two lessons from this decision. First, the more easily factors can 
be substituted in the production process — that is, the more easily the firm can 
deal with its taconite particles without using the river for waste treatment— the 
more effective the fee will be in reducing effluent. Second, the greater the 
degree of substitution, the less the firm will have to pay. In our example, the fe< 
would have been $100,000 had the firm not changed its inputs. However, the 
steel company pays only a $50,000 fee by moving production from A to B. 


■ 


m 


expansion path Curve pass- 
ing through points of tan- 
gency between a firm's isocost 
lines and its isoquants. 


In the previous section we saw how a cost-minimizing firm selects a combina- 
tion of inputs to produce a given level of output. Now we extend this analysis to 
see how the firm's costs depend on its output level. To do this we determine the 
firm's cost-minimizing input quantities for each output level and then calculate 
the resulting cost. 

The cost-minimization exercise yields the result illustrated by Figure 7.6. We 
have assumed that the firm can hire labor L at w = SlO/hour and rent a unit o 
capital K for r - 520/hour. Given these input costs, we have drawn three of the 
firm's isocost lines. Each isocost line is given by the following equation: 

C = (S10/hour)(L) + (S20/hour)(2C) 


l- 

NT 




In the figure, the lowest (unlabeled) line represents a cost of SI ,000; the middle 
line 52,000, and the highest line S3, 000. 

You can see that each of the points A, B, and C in Figure 7.6(a) is a point of tan- 
gency between an isocost curve and an isoquant Point B, for example, shows us 
that the lowest-cost way to produce 200 units of output is to use 100 units of 
labor and 50 units of capital; this combination lies on the 52,000 isocost line. 
Similarly, the lowest-cost way to produce 100 units of output (the lowest unla- 
beled isoquant) is S1,000 (at point A, L = 50, K = 25); the least-cost means of get- 
ting 300 units of output is $3,000 (at point C, L = 150, K = 75), 

The curve passing through the points of tangencv between the firm's isocost 
lines and its isoquants is its expansion path. The expansion path describes the 
combinations of labor and capital that the firm will choose to minimize costs a 
each output level. As long as the use of both labor and capital increases with out 
put, the curve will be upward sloping. In this particular case we can easily calcu 
late the slope of the line. As output increases from 100 to 200 units, capital 
increases from 25 to 50 units, while labor increases from 50 to 100 units. For eac. 
level of output, tire firm uses half as much capital as labor. Therefore, the expan- 
sion path is a straight line with a slope equal to 


I 


AK/AL = (50 - 25)/(100 - 50) = i 


j@ Expaimsiooi 


The firm's expansion path contains the same information as its long-run total 
cost curve, C{tj). This can be seen in Figure 7.6(b) To mow from the expansion 
path to the cost curv e, we follow three steps: 




< 
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tet’cStcoThnSr Path //r the , ori S in throu § Jl points A, B, and C) illustrates the 
ouh nHn C ° n * matl0ns of labor capital that can be used to produce each level of 
tp the long run i.e., when both inputs to production can be varied In fh) 
e corresponding long-run total cost curve (from the origin through points D E 
^measures the least cost of producing the three output levels ' 


L an 0Ut P ut level ^Presented by an isoquant in Figure 7.6(a). Then 

the point ot tangencv of that isoquant with an isocost line. 

■ From the chosen isocost line determine the minimum cost of producing the 
output level that has been selected. * ° 

3 - Graph the output-cost combination in Figure 7.6(b). 
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Suppose we begin with an output of 100 units. The point of tangency of the 
100-unit isoquant with an isocost line is given by point A in Figute /-6(a). 
Because A lies on the 51,000 isocost line, we know that the minimum cost of pro- 
ducing an output of 100 units in the long-run is 51,000. We graph this combina- 
tion of 100 units of output and SI, 000 cost as point D in Figure 7.6(b). 1 oint D 
thus represents the 51,000 cost of producing 100 units of output. Similarly, point 
£ represents the 52,000 cost of producing 200 units, which corresponds^ to point 
B on the expansion path Finally, point F represents the So, 000 cost of j 00 units 
corresponding to point C. Repeating these steps lot every le\el of output gi\es 
the long-run total cost curve in Figure 7.6(b) — i.e., the minimum long-iun cost of 
producing each level of output. 

In this particular example, the long-run total cost curve is a stiaigrt ine. 
Why'? Because there are constant returns to scale in production. As inputs 
increase proportionately', so do outputs. As we will see in the next section, the 
shape of the expansion path provides information about how costs change with 
the scale of the firm's operation. 


Long-Run versu 
Cost Curves 


s Short-Run 


We saw earlier (see Figure 7.1) that short-run average cost curves are U-shaped. 
We will see that long-run average cost curves can also be U-shaped, but different 
economic factors explain the shapes ot these curves. In this section, we discuss 
long-run average and marginal cost curves and highlight the diffeiences 
between the curves and their short-run counterparts. 


Recall that we defined the long run as occurring when all inputs to the firm are 
variable. In the long run, the firm's planning horizon is long enough to allow tor 
a change in plant size. This added flexibility allows the firm to produce at a 
lower average cost than in the short run. To see why', we might compaie the situ 
ation in which capital and labor are both flexible to the case in which capital is 
fixed in the short run 

Figure 7.7 shows the firm's production isoquants. The firm's long-run expan- 
sion path is the straight line from the origin that corresponds to the expansion 
path in Figure 7.6. Now, suppose capital is fixed at a level K : in the short run. o 
produce output Q lr the firm would minimize costs by choosing labor equal to L,, 
corresponding to the point of tangency with the isocost line AB. The inflexibility 
appears when the firm decides to increase its output to Q 2 without increasing i 
use of capital. If capital were not fixed, it would produce this output with capita 
K-. and labor L ; Its cost of production would be reflected by isocost line C • 

’ However, the fact that capital is fixed forces the firm to increase its outpu 
using capital K, and labor L 3 at point P Point P lies on the isocost line EF, " 11 
represents a higher cost than isocost line CD. Why is the cost of P 10L uc 
higher when capital is fixed? Because the firm is unable to substitute relam - 
inexpensive capital for more costly labor when it expands production, 
inflexibility is reflected in the short-run expansion path, which begins as a 
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FIGURE 7.7 The Inflexibility of Short-Run Production 


When a firm operates in the short ran, its cost of production may not be minimized 
because of inflexibility' in the use of capital inputs. Output is initially' at level In 
the short run, output Q 2 can be produced only' by increasing labor from L : to L 3 
because capital is fixed at In the long run, the same output can be produced more 
cheaply by increasing labor from Lj to £ 2 and capital from K l to K 2 - 


from the origin and then becomes a horizontal line when the capital input 
reaches K,. 

Long-Ryo Awerage Cost 

In the long run, the ability to change the amount of capital allows the firm to 
reduce costs. To see how costs vary as the firm moves along its expansion path in 
the long run, we can look at the long-run average and marginal cost curves.' The 
most important determinant of the shape of the long-run average and marginal 
cost curves is the relationship between the scale of the firm's operation and the 
inputs that are required to minimize the firm's costs. Suppose, for example, that 
the firm's production process exhibits constant returns to scale at all input levels 
In this case, a doubling of inputs leads to a doubling of output. Because input 
prices remain unchanged as output increases, the average cost of production 
must be the same for all levels of output. 

Suppose instead that the firm's production process is subject to increasing 
returns to scale: A doubling of inputs leads to more than a doubling of output. In 
Tat case, the average cost of production falls with output because a doubling of 


"e saw that in the short run, the shapes of the average and marginal cost curi es were determined 
‘•nmarily by diminishing returns As we showed in Chapter 6, diminishing returns to each factor is 
'■Onsistem with constant (or even increasing) returns to scale 
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long-run average cost curve 
(LAC) Curve relating aver- 
age cost of production to out- 
put when all inputs, including 
capital, are variable- 

short-run average cost curve 
(SAC) Curve relating average 
cost of production to output 
when level of capital is fixed. 

long-run marginal cost curve 
(LMC) Change in long-run 
total cost as output is increased 
incrementally by 1 unit. 


Cost 
(dollars 
per unit 
of output) 





Output 


When a firm is producing at an output at which the long-run average cost LAC is 
falling, the long-run marginal cost LMC is less than LAC. Conversely, when LAC is 
increasing, LMC is greater than LAC. The two curves intersect at A, where tire LAC 
curve achieves its minimum. 


costs is associated with a more than twofold increase in output. By the same 
logic, when there are decreasing returns to scale, the average cost of production 
must be increasing with output. 

We saw that the long-run total cost curve associated with the expansion path 
in Figure 7.6(a) was a straight line from the origin In this constant-returns-to- 
scale case, the long-run average cost of production is constant: It is unchanged 
as output increases. For an output of 100, long-run average cost is 
SI, 000/1 00 = S10 per unit. For an output of 200, long-run average cost is 
52,000/200 = S10 per unit; for an output of 300, average cost is also S10 per unit. 
Because a constant average cost means a constant marginal cost, the long-run 
av erage and marginal cost curves are given by a horizontal line at a SlO/unit 
cost. 

Recall that in the last chapter we examined a firm's production technolog) 
that exhibits first increasing returns to scale, then constant returns to scale, and 
eventually decreasing returns to scale. Figure 7.S shows a typical long-run aver 
age cost curve (LAC) consistent with this description of the production process. 
Like the short-run average cost curve, the long-run average cost curve is U 
shaped, but the source of the U-shape is increasing and decreasing returns to 
scale, rather than diminishing returns to a factor of production 

The long-run marginal cost curve (LMC) can be determined from the long 
run average cost curve; it measures the change in long-run total costs as outpu 
is increased incrementallv LMC lies below the long-run average cost curve 
when LAC is falling and above it when LAC is rising." The two curves intersect 
at A, where the long-run average cost curve achieves its minimum In the special 
case in which LAC is constant, LAC and LMC are equal. 


5 Recall that AC = TC/Q. It follows that, AAC/AQ = \Q{ ATC/AQ) - TC]Q : = (MC - AC)/Q 
Clearly, when AC is increasing; AAC/Q is positive and MC > AC. Correspondingly, when AL 
decreasing; AAC/AQ is negative and MC < AC 
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Economies and Diseconomies of Scale 

In the long run, it may be in the firm's interest to change the input proportions as 
the level of output changes. When input proportions do change, the firm's 
expansion path is no longer a straight line, and the concept of returns to scale no 
longer applies. Rather, we say that a firm enjoys economies of scale when it can 
double its output for less than twice the cost. Correspondingly, there are dis- 
economies of scale when a doubling of output requires more than twice the 
cost- Tire term economies of scale includes increasing returns to scale as a special 
ca se, but it is more general because it reflects input proportions that change as 
the firm changes its level of production. In this more general setting, a U-shaped 
Ion 0- - run average cost curve characterizes the firm facing economies of scale for 
relatively low output levels and diseconomies of scale for higher levels. 

Economies of scale are often measured in terms of a cost-output elasticity, E c , 
jq is the percentage change in the cost of production resulting from a 1-percent 
increase in output: 

E c = (AC/C)/(AQ/Q) (7.5) 

To see how E c relates to our traditional measures of cost, rewrite equation 
(7.5) as follows: 

E c = (AC/AQ)/(C/Q) = MC/AC (7.6) 

Clearly, E c is equal to 1 when marginal and average costs are equal. In that case, 
costs increase proportionately with output, and there are neither economies nor 
diseconomies of scale (constant returns to scale would apply if input proportions 
were fixed). When there are economies of scale (when costs increase less than 
proportionately with output), marginal cost is less than average cost (both are 
declining) and E c is less than 1. Finally, when there are diseconomies of scale, 
marginal cost is greater than average cost and E c is greater than 1. 

The Relationship Between Short-Bun 
and LoBig-Run Cost 

Figures 7.9 and 7.10 show the relationship between short-run and long-run cost. 

Assume that a firm is uncertain about the future demand for its product and is con- 
sidering three alternative plant sizes. Tire short-run average cost curves for the three 
plants are given by SAQ, SAC 2 , and SAC- in Figure 7.9. The decision is important 
because, once built, the firm may not be able to change the plant size for some time. 

Figure 7.9 shows the case in which there are constant returns to scale in the 
long run. If the firm expects to produce (ty units of output, then it should build 
the smallest plant. Its average cost of production would be 510; this is the mini- 
mum cost because the short-run marginal cost SMC crosses short-run average 
cost SAC when both equal S10. If the firm expects to produce Q 2 , the middle- m M 

sized plant is best, and its average cost of production is again 510. If it is to pro- 
duce Q 3 , the third plant is best. With only these plant sizes, any production 
choice between Q : and Q 2 will entail an increase in the average cost of produc- 
h°n, as will any level of production between Q 2 and Q 3 . 

What is the firm's long-run cost curve? In the long run, the firm can change 
the size of its plant. Thus if it was initially producing Q 3 and wanted to increase 
output to Q 2 or Q 3 , it could do so with no increase in average cost. With three 


economies of scale Output 
can be doubled for less than a 
doubling of cost. 

In §6.4, we explain that 
increasing returns to scale 
occurs when output more 
than doubles when inputs are 
doubled proportionately. 

diseconomies of scale A 
doubling of output requires 
more than a doubling of cost. 
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The long-run average cost curve LAC, which is identical to the long-run marginal cost curve LMC, is the envelope of 
the short-run average cost curves (SACj, SAC 2 , and SAC 3 are shown). With constant returns to scale, the long-run 
average cost curve consists of the minimum points of the short-run average cost curves. 



Tire long-run average cost curve LAC is the envelope of the short-run average cost curves SAC,, SAC-, and SAC-. 
With economies and diseconomies of scale, the minimum points of the short-rrut average cost curves do not lie on the 
long-run average cost curve. 


possible plant sizes, the long-run average cost curve is theiefore given bv the 
crosshatched portions of the short-run average cost curves because these show 
the minimum cost of production for anv output level. The long-run average cost 
curve is the envelope of tire short-run average cost curves — it envelops or sur- 
rounds tire short-run curves. 

Now suppose that there are nranv choices of plant size, each having a short- 
run average cost curve with a minimum of S10. Again, the long-run average cost 
curve is the envelope of the short-run curves hr Figure 7.9 it is the straight line 
LAC. Whatever the firm wants to produce, it can choose the plant size (and the 
mix of capital and labor) that allows it to produce that output at the minimum 
average cost of S10. 

With economies or diseconomies of scale, the analysis is essentially the same, 
but the long-run average cost curve is no longer a horizontal line. Figure 7.10 
illustrates tire typical case in which three plant sizes are possible; the minimum 
average cost is lowest for a medium-sized plant. The long-run average cost 
curve, therefore, exhibits economies of scale initially but exhibits diseconomies 
at higher output levels Once again, the crosshatched lines show tire long-run 
average cost associated with the three plants. 

To clarify the relationship between the short-run and the long-run cost curves, 
consider a firm that wants to produce output Q, in Figure 7.10. If it builds a 
small plant, the short-run average cost curve SAC] is relevant The average cost 
of production (at B on SAC]) is 58. A small plant is a better choice than a 
medium-sized plant with an average cost of production of 510 (A oir curve 
SAC : ) Point B w ould therefore become one point on the long-run cost function 
when onlv three plant stzes are possible. If plants of other sizes could be built, 
and if at least one size allowed the firm to produce Q, at less than SS per unit, 
then B would no longer be on the long-run cost curve. 

In Figure 7.10, the envelope that would arise if plants of anv size could be 
built is given by the LAC curve, which is U-shaped. Note, once again, that the 




I 


LAC curve never lies above any of the short-run average cost curves. Also note 
that because there are economies and diseconomies of scale in the long run, the 
points of minimum average cost of the smallest and largest pants do °not lie on 
the long-i un average cost curve. For example, a small plant operating at mini- 
mum average cost is not efficient because a larger plant can take advantage of 
increasing returns to scale to produce at a lower average cost. 

Finally, note that the long-run marginal cost curve LMC is not the envelope of 
the short-run marginal cost curves. Short-run marginal costs apply to a particu- 
lar plant; long-run marginal costs apply to all possible plant sizes. Each point on 
the long-run marginal cost curve is the short-run marginal cost associated with 
the most cost-efficient plant. Consistent with this relationship, SMC, intersects 
LMC in Figure 7.10 at the output level Q 0 at which SAC, is tangent to LAC 
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economies of So 
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Many films produce more than one product. Sometimes a firm's products are 
c osely linked to one another; A chicken farm, for instance, produces poultry and 
e ggs, an automobile company produces automobiles and trucks, and a univer- 
" ■ P lc, duces teaching and research. At other times, firms produce physically 
unreiated products. In both cases, however, a firm is likely to enjoy production 
r cost advantages when it produces two or more products. These advantages 
°u d result from the joint use of inputs or production facilities, joint marketing 
°grams, oi possibly the cost savings of a common administration. In some 
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product transformation curve 

Curve showing the various 
combinations of two different 
outputs (products) that can be 
produced with a given set of 
inputs. 


Chapter 7 


cases, the production of one product gives an automatic and unavoidable by- 
product that is valuable to the firm. For example, sheet metal manufacturers 
produce scrap metal and shavings they can sell. 


To study the economic advantages of joint production, let's consider an automo- 
bile company^ that produces two products, cars and tractors. Both products use 
capital (factories and machinery) and labor as inputs. Cars and tractors are not 
typically produced at the same plant, but they do share management resources, 
and both rely on similar machinery and skilled labor. The managers of the com- 
pany must choose how much of each product to produce. Figure 7.11 shows two 
product transformation curves, each showing the various combinations of cars 
and tractors that can be produced with a given input of labor and machinery. 
Curve 0 2 describes all combinations of the two outputs that can be produced 
with a relatively low level of inputs and Curve 0 2 describes the output combina- 
tions associated with twice the inputs. 

The product transformation curve has a negative slope because in order to get 
more of one output, the firm must give up some of the other output. For exam- 
ple, a firm that emphasizes car production will devote less of its resources to 
producing tractors. In Fig. 7.11, curve 0 2 lies twice as far from the origin as curve 
O t , signifying that this firm's production process exhibits constant returns to 
scale in the production of both commodities. 

If curve O] were a straight line, joint production would entail no gains (or 
losses). One smaller company" specializing in cars and another in tractors would 
generate the same output as a single company producing both. However, the 
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• 0 duct transformation curv e is bowed outward (or concave) because joint pro- 
iuction usually has advantages that enable a single company to produce more 
-irs and tractors with the same resources than two companies producing each 
duct separately. These production advantages involve the joint sharing of 
inputs. A single management, for example, is often able to schedule and orga- 
nize production and to handle accounting and financial aspects more effectively 
than could separate managements 


giBid Diseconomies of ©cope 

In ceneral, economies of scope are present when the joint output of a single firm 
is crreater than the output that could be achieved by two different firms each pro- 
ducing a single product (with equivalent production inputs allocated between 
the two firms) If a firm's joint output is less than that which could be achieved 
bv separate firms, then its production process involves diseconomies of scope. 
This possibility could occur if the production of one product somehow con- 
flicted with the production of the second. 

There is no direct relationship between economies of scale and economies of 
scope. A two-output firm can enjoy economies of scope even if its production 
process involves diseconomies of scale. Suppose, for example, that manufactur- 
ing flutes and piccolos jointly is cheaper than producing both separately. Yet the 
production process involves highly skilled labor and is most effective if under- 
taken on a small scale. Likewise, a joint-product firm can have economies of 
scale for each individual product yet not enjoy economies of scope. Imagine, for 
example, a large conglomerate that owns several firms that produce efficientlv 
on a large scale but that do not take adv antage of economies of scope because 
they are administered separately. 


The Dsgree of EcomoimDes of Scope 

The extent to which there are economies of scope can also be determined by" 
studying a firm's costs. If a combination of inputs used bv one firm generates 
more output than two independent firms would produce, then it costs less for a 
single firm to produce both products than it would cost the independent firms. 
To measure the degree to which there are economies of scope, vve should ask 
what percentage of tine cost of production is saved when two (or more) products 
are produced jointly' rather than individually. Equation (7.7) gives the degree of 
economies of scope (SC) that measures this savings in cost: 


0 Number of Cars 


FIGURE 7.11 Product Transformation Curve 


The product transformation curve describes tine different combinations of two out- 
puts that can be produced with a fixed amount of production inputs. The product 
transformation curves Oj and 0 2 are bowed out (or concave) because there are 
economies of scope in production. 


SC = 


C(QJ + C{Q 2 ) - C(Q V Q 2 ) 

c (Qv Qi) 


(7.7) 


v(Qi) represents the cost of producing output Q,, C(Q : ) the cost of producing 
output Q 2 , and C(Q |( Q 2 ) tire joint cost of producing both outputs. When the 
physical units of output can be added, as in the car-tractor example, the expres- 
sion becomes C(Q, + Q 2 ). With economies of scope, the joint cost is less than the 
sUm of the individual costs. Thus, SC is greater than 0. With diseconomies of 
5C ope, SC is negative. In general, the larger the value of SC, the greater the 
oconomies of scope. 
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economies of scope Joint 
output of a single firm is 
greater than output that could 
be achieved by two different 
firms when each produces a 
single product 

diseconomies of scope Joint 
output of a single firm is less 
than could be achieved by' 
separate firms when each pro- 
duces a single product 


degree of economies of scope 
(SC) Percentage of cost sav- 
ings resulting when two or 
more products are produced 
jointly rather than individually. 
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Figure 7.12 shows a learning curve for the production of machine tools. The hor- 
izontal axis measures the cumulative number of lots of machine tools (groups of 
approximately 40) that the firm has produced. The vertical axis shows the num- 
ber of hours of labor needed to produce each lot. Labor input per unit of output 
directly affects the production cost because the fewer the hours of labor needed 
the lower the marginal and average cost of production 

The learning curve in Figure 7.12 is based on the relationship 

L = A - BN~ P (7.8) 

where N is the cumulative units of output produced and L the labor input per 
unit of output. A, B, and f3 are constants, with A and B positive, and f3 between 
0 and 1 . When N is equal to 1, L is equal to 71 + B, so that A + B measures the 
labor input required to produce the first unit of output. When [3 equals 0, labor 
input per unit of output remains the same as the cumulative level of output 
increases; there is no learning When (3 is positive and N gets larger and larger, L 
becomes arbitrarily close to A. A, therefore, represents the minimum labor input 
per unit of output after all learning has taken place. 

The larger is /3, the more important is the learning effect. With (3 equal to 0.5, 
for example, the labor input per unit of output falls proportionally to the square 
root of the cumulative output. This degree of learning can substantially reduce 
the firm's production costs as the firm becomes more experienced. 

In this machine tool example, the value of (3 is 0.31. For this particular learn- 
ing curve, every doubling in cumulative output causes the input requirement 
(less the minimum attainable input requirement) to fall by about 20 percent. 10 As 
Figure 7.12 shows, the learning curve drops sharply as the cumulative number 
of lots increases to about 20. Beyond an output of 20 lots, the cost sarongs are 
relatively small. 


Learoiong w©irsus Economies of Scale 

Once the firm has produced 20 or more machine lots, the entire effect of the 
learning curve would be complete, and we could use the usual analysis of cost. 
If, however, the production process were relatively new, relatively high cost at 
low levels of output (and relatively low cost at higher levels) would indicate 
learning effects, not economies of scale. With learning, the cost of production for 
a mature firm is relatively low regardless of the scale of the firm's operation. If a 
firm that produces machine tools in lots knows that it enjoys economies of scale, 
it should produce its machines in very large lots to take advantage of the lower 
cost associated with size. If there is a learning curve, the firm can lower its cost 
by scheduling the production of many lots regardless of the individual lot size. 

Figure 7.13 shows this phenomenon. AC 2 represents the long-run average 
cost of production of a firm that enjoys economies of scale in production, fhus 
the change in production from A to B along AQ leads to lower cost due to 
economies of scale. However, the move from A on AQ to C on ACT leads to 
lower cost due to learning, which shifts the average cost curve downward. 


3 Because (L - A) 


,1 , we can check that 0.8(L - A) is approximately equal to I 
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FIGURE 7.13 Economies of Scale versus Learning 


A firm's average cost of production can decline over time because of growth of 
sales when increasing returns are present (a move from A to B on curve AC,), or it 
can decline because there is a leanring curve (a move from A on curve AC[ to C on 
curve ACT). 


The learning curve is crucial for a firm that wants to predict the cost of produc- 
ing a new product. Suppose, for example, that a firm producing machine tools 
knows that its labor requirement per machine for the first 10 machines is 1.0, the 
minimum labor requirement A is equal to zero, and (3 is approximately equal to 
0.32. Table 7.3 calculates the total labor requirement for producing 80 machines. 

Because there is a learning curve, the per-unit labor requirement falls with 
increased production. As a result, the total labor requirement for producing 
more and more output increases in smaller and smaller increments. Therefore, a 




CUMULATIVE OUTPUT PER-UNIT LABOR REQUIREMENT 


TOTAL LABOR 


m 

FOR EACH 10 UNITS OF OUTPUT (L>* 

REQUIREMENT 

10 

1.00 

10.0 

20 

.80 

18 . 0 ( 10.0 + 8 . 0 ) 

30 

.70 

25 . 0 ( 18.0 + 7 . 0 ) 

40 

.64 

31 . 4 ( 25.0 + 6 . 4 ) 

50 

.60 

37.4 ( 31.4 + 6 . 0 ) 

60 

.56 

43.0 ( 37.4 + 5 . 6 ) 

70 

.53 

48.3 ( 43.0 + 5 . 3 ) 

80 

.51 

53.4 ( 48.3 + 5 . 1 ) 


The numbers in this column were calculated from the equation log(L) = 
"’here L is the unit labor input and N is cumulative output. 


-0.322 Iog(N/10), 
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firm looking only at the high initial labor requirement will obtain an overly p es _ j 
simistic view of the business. Suppose the firm plans to be in business for a long 
time, producing 10 units per year. Suppose the total labor requirement for the I 
first year's production is 10. In the first year of production, the firm's cost will be 
high as it learns the business. But once the learning effect has taken place, pro. 
duction costs will fall. After 8 years, the labor required to produce 10 units will 
be only 5.1, and per-unit cost will be roughly half what it was in the first year of 
production. Thus the learning curve can be important for a firm deciding 
whether it is profitable to enter an industry. 


]0>tS-2 o 


S uppose that as the manager of a firm that has just entered the chemical pro- 
cessing industry, you face the following problem: Should you produce a rel- 
atively low level of output and sell at a high price, or should you price your 
product lower and increase your rate of sales? Tire second alternative is appeal- 
ing if there is a learning curve in this industry. In that case, the increased vol- 
ume will lower your average production costs over time and increase the firm's 
profitability. 

To decide what to do, you can examine the available statistical evidence that 
distinguishes the components of the learning curve (learning new processes by 
labor, engineering improvements, etc.) from increasing returns to scale. For 
example, a study of 37 chemical products reveals that cost reductions in the 
chemical processing industry are directly tied to the growth of cumulative 
industry output, to investment in improved capital equipment, and, to a lesser 
extent, to economies of scale 11 In fact, for the entire sample of chemical prod- 
ucts, average costs of production fall at 5.5 percent per year. The stud}' reveals 
that for each doubling of plant scale, the average cost of production falls by 
11 percent For each doubling of cumulative output, however, the average cost 
of production falls by 27 percent The evidence shows clearly that learning 
effects are more important than economies of scale in the chemical processing 
industry. 12 

The learning curve has also been shown to be important in the semiconduc- 
tor industry. A study of seven generations of dymamic random-access memory 
(DRAM) semiconductors from 1974 to 1992 found that the learning rates aver- 
aged about 20 percent; thus a 10-percent increase in cumulative production 


The study was conducted by Marvin Lieberman, " the Learning Curve and Pricing in the Chemical 
Processing Industries," RAND journal of Economics 15 (1984): 213-28. 

“the author used the average cost AC of the chemical products, the cumulative industrj 
output X, and the average scale of a production plant Z He then estimated the relationship log 

(AC) = — 0.3S71og(X) - 0.173 log (Z) the — 0.3S7 coefficient on cumulative output tells us that for 

every 1 -percent increase in cumulative output, average cost decreases 0.387 percent 1 he -0 L-j 
coefficient on plant size tells us that for every 1-percent increase in plant size, cost decreases 0.1/-' 
percent 

By interpreting the two coefficients in light of the output and plant-size variables, we can allocate 
about la percent of the cost reduction to increases in the average scale of plants and Sr percent to 
increases in cumulative industrv output. Suppose plant scale doubled while cumulative output 
increased by a factor of 5 during the study In that case, costs would fall by 11 percent from the 
increased scale and by 62 percent from the increase in cumulative output 
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The learning curve relates tire labor requirement per aircraft to the cumulative num- 
ber of aircraft produced. As the production process becomes better organized and 
workers gain familiarity' with their jobs, labor requirements fall dramatically. 


would lead to a 2-percertt decrease in cost. 1 - 1 Tire study also compared learning 
by firms in Japan to firms in the United States and found that there was no dis- 
tinguishable difference in the speed of learning. 

Another example is the aircraft industry, where studies have found learning 
rates that are as high as 40 percent. This is illustrated in Figure 7.14, which 
shows the labor requirements for production of aircraft by Airbus Industrie. 
Observe that the first 10 or 20 airplanes require far more labor to produce than 
the hundredth or two hundredth airplane. Also note how the learning curve 
flattens out after a certain point; in this case, nearly all learning is complete 
after 200 airplanes have been built. 

Learning curve effects can be important in determining the shape of long- 
run cost curves and can thus help guide management decisions. Managers can 
use learning curve information to decide whether a production operation is 
profitable and, if it is, how to plan how large the plant operation and the vol- 
ume of cumulative output need be to generate a positive cash flow. 


jbstin 


\ r% i n 

jl LU. 1 IcU.iL 


tiller 


A business that is expanding or contracting its operation must predict how costs 
w ill change as output changes. Estimates of future costs can be obtained from a 
cost function, which relates the cost of production to the level of output and 
other variables that the firm can control. 


_ The study was conducted bv D A. Irwin and P. J. Klenow, "Learning-by-Doing Spillovers in the 
Semiconductor Industry," journal of Political Economy 102 (December 1994): 1200-27 


cost function Function relat- 
ing cost of production to level 
of output and other variables 
that the firm can control 
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Least-squares regression is 
explained in the appendix to 
this book. 
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An empirical estimate of the total cost curve can be obtained by using data for indi- 
vidual firms in an industry. The total cost curve for automobile production is 
obtained by determining statistically the curve that best fits the points that relate tl 
output of each firm to the total cost of production. 


fi 


Suppose we wanted to characterize the short-run cost of production in the 
automobile industry. We could obtain data on the number of automobiles Q pro- 
duced by each car company and relate this information to the variable cost of 
production VC The use of variable cost, rather than total cost, av oids the prob- 
lem of trying to allocate the fixed cost of a multiproduct firm's production 
process to the particular product being studied. 14 

Figure 7.15 shows a typical pattern of cost and output data. Each point on the 
graph relates the output of an auto company to that company's variable cost of 
production. To predict cost accurately, we must determine the underlying rela- 
tionship between variable cost and output. Then, if a companv expands its pro- 
duction, we can calculate what the associated cost is likelv to be. Tire curve in 
the figure is drawn with this in mind — it provides a reasonablv close fit to the 
cost data. (Typically, least-squares regression analysis would be used to fit the 
curve to the data.) But what shape is the most appropriate, and how do we rep- 
resent that shape algebraically? 

F-lere is one cost function that we might choose: 

VC = (3Q (7.9) 

Although easy to use, this linear relationship between cost and output is applica- 
ble only if marginal cost is constant. lr For everv unit increase in output, variable 
cost increases by (3; marginal cost is thus constant and equal to /3 




v:V; ; 

Ip : 




! ' ! it .in additional piece of equipment it- needed as output increases, then the annual rental cost of the 
equipment should be counted as a variable cost It. bower er, the same machine can be used at a!: 
output levels, its cost is fixed and should not be included. 

L ' In statistical cost analyses, other variables might be added to the cost function to account for differ- 
ences in input costs, production processes, production mix, etc., among firms 
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Cost 

(dollars 


MC = [3 + 2yQ -t 35 Q 2 



AVC = P -t yQ + 5 Q 2 


Output (per time period) 


A cubic cost function implies that the average and the marginal cost curves are 
U-shaped. 


If we wish to allow for a U-shaped average cost curve and a marginal cost 
that is not constant, we must use a more complex cost function. One possibility 
is the quadratic cost function, which relates variable cost to output and output 
squared: 

VC = f3Q 4- yQ" (7.10) 

This function implies a straight-line marginal cost curve of the form 
MC = /3 + 2yQ. 16 Marginal cost increases with output if y is positive and 
decreases with output if y is negative. 

If the marginal cost curve is not linear, we might use a cubic cost function: 

VC = (3Q + yQ 2 + SQ 3 (7.11) 

Figure 7.16 shows this cubic cost function. It implies U-shaped marginal as well 
as average cost curves. 

Cost functions can be difficult to measure for several reasons. First, output 
data often represent an aggregate of different types of products. The automo- 
biles produced by General Motors, for example, involve different models of cars. 
Second, cost data are often obtained directly from accounting information that 
fails to reflect opportunity costs. Third, allocating maintenance and other plant 
costs to a particular product is difficult when the firm is a conglomerate that pro- 
duces more than one product line. 


oe ivsesis 


Recall that the cost-output elasticity E c is less than one when there are economies 
of scale and greater than one when there are diseconomies of scale. The scale 
economies index (SCI) provides an index of whether or not there are scale economies. 
SCI is defined as follows: 

SCI = 1 - E r (7.12) 


Short-run marginal cost is given by AVC/AQ = /3 + -yA(Q 2 ) But A(Q 2 )/AQ = 2Q. (Check this by' 
Using calculus or by numerical example ) Therefore, MC = /3 + 2 yQ. 
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When E l = 1, SCI — 0 and there are no economies or diseconomies of scale 
When E l is greater than one, SCI is negative and there are diseconomies of 
scale. Finally, when E c is less than 1, SCI is positive and there are economies 
of scale. 





I 


I n 1955, consumers bought 369 billion kilowatt-hours (kwh) of electricity; i n 
1970 they bought 1083 billion Because there were fewer electric utilities in 
1970, the output per firm had increased substantially. Was tills increase due to 
economies of scale or other factors? If it was the result of economies of scale, it 
would be economically inefficient for regulators to "break up" electric utility 
monopolies. 

An interesting study of scale economies was based on the years 1955 and 
1970 for investor-owned utilities with more than SI million in revenues. 17 
The cost of electric power was estimated by using a cost function that is 
somewhat more sophisticated than the quadratic and cubic functions 
discussed earlier ' Table 7.4 shows the resulting estimates of the scale 
economies index The results are based on a classification of all utilities into 
five size categories, with the median output (measured in kilowatt-hours) in 
each categoiy listed. 

The positive values of SCI tells us that all sizes of firms had some economies 
of scale in 1955. However, the magnitude of the economies of scale diminishes 
as firm size increases. The average cost curve associated with the 1955 study is 
drawn in Figure 7.17 and labeled 1955 The point of minimum average cost 
occurs at point A at an output of approximately 20 billion kilowatts. Because 
there were no firms of this size in 1955, no firm had exhausted the opportunity 
for returns to scale in production. Note, however, that the average cost curve is 
relatively flat from an output of 9 billion kilowatts and higher, a range in which 
7 of 124 firms produced. 

When the same cost functions were estimated with 1970 data, the cost curve 
labeled 1970 in Figure 7.17 was the result. The graph shows clearly that the 
average costs of production fell from 1955 to 1970. (The data are in real 1970 
dollars.) But the flat part of the curve now begins at about 15 billion kwh. By 
1970, 24 of 80 firms were producing in this range. Thus many more firms were 
operating in the flat portion of the average cost curve in which economies of 
scale are not an important phenomenon. More important, most of the firms 
were producing in a portion of the 1970 cost curve that was flatter than their 
point of operation on the 1955 curve. (Five firms were at points of diseconomies 
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L This example is based on Laurits Christensen and William H Greene, "Economies of Scale in U.5. 
Electric Power Generation," journal of Political Economy 84 (1976): 655-76 . 

lb The translog cost function used in this study provides a more general functional relationship than 
anv of those we have discussed 
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FIGURE 7.17 Average Cost of Production 
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"Fire average cost of electric power in 1955 achieved a minimum at approximate!}' 20 billion kilowatt-hours. By 1970 
the average cost of production had fallen sharply and achieved a minimum at an output of more than 33 billion 
kilowatt-hours. 


of scale: Consolidated Edison [SCI = -0.003], Detroit Edison [SCI = -0.004], 
Duke Power [SCI = -0.012], Commonwealth Edison [SCI = -0.014], and 
Southern [SCI = -0.028].) Thus unexploited scale economies were much 
smaller in 1970 than in 1955. 

This cost function analysis makes it clear that the decline in the cost of pro- 
ducing electric power cannot be explained bv the ability- of larger firms to take 
advantage of economies of scale. Rather, improvements in technology unre- 
lated to the scale of the firms' operation and the decline in the real cost of 
energy inputs, such as coal and oil, are important reasons for the lower costs. 
Hie tendency toward lower average cost reflecting a movement to the right 
along an average cost curve is minimal compared with the effect of technologi- 
cal improvement. 


EXAM 


P til, So 




8 A Cost Function for the Savings and Loan Industry 


U nderstanding returns to scale in the savings and loan industry is important 
for regulators who must decide how savings and loans should be restruc- 
tured in light of the failure of numerous institutions. In this regard, the empiri- 
cal estimation of a long-run cost function can be useful. 1 " 

Data were collected for 86 savings and loan associations for 1975 and 1976 
in a region that includes Idaho, Montana, Oregon, Utah, Washington, and 
Wyoming. Output is difficult to measure in this case because a savings and 


This example builds on J. Holton Wilson, "A Note on Scale Economies in the Savings and Loan 
Industry," Business Economics (January 1981): 45-49 
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loan association provides a service to its customers, rather than a physical 
product. Tire output Q measure reported here (and used in other studies) is the 
total assets of each savings and loan association. Ira general, the larger the asset 
base of an association, the higher its profitability. Long-run average cost LAC is 
measured by average operating expense. Output and total operating costs are 
measured in hundreds of millions of dollars. Average operating costs are mea- 
sured as a percentage of total assets. 

A quadratic long-run average cost function was estimated for the year 1975 
yielding tire following relationship: 

LAC = 2.38 - 0.6153Q + 0.0536Q 2 3 

The estimated long-run average cost function is U-shaped and reaches its 
point of minimum average cost when the total assets of the savings and loan 
reach $574 million . 20 (At this point the average operating expenses of the sav- 
ings and loan are 0.61 percent of its total assets.) Because almost all savings and 
loans in the region being studied had substantially less than $574 million in 
assets, the cost function analysis suggests that an expansion of savings and 
loans through either growth or mergers would be valuable. 

How appropriate such a policy is cannot be fully evaluated here, however, 
To do so, we would need to take into account the possible social costs associ- 
ated with the lessening of competition from growth or mergers, and we would 
need to assure ourselves that this particular cost function analysis accurately 
estimated the point of minimum average cost. 



1 . Managers, investors, and economists must take into 
account the opportunity cost associated with the use of 
a firm's resources: the cost associated with the oppor- 
tunities forgone when the firm uses its resources in its 
next best alternative. 

2. A sunk cost is an expenditure that has been made and 
cannot be recovered. After it has been incurred, it 
should be ignored when making future economic 
decisions. 

3. In the short run, one or more of the firm's inputs are 
fixed. Total cost can be divided into fixed cost and 
variable cost. A firm's marginal cost is the additional 
variable cost associated with each additional unit of 
output. The average variable cost is the total variable 
cost divided by the number of units of output. 

4. In the short run, when not all inputs are variable, 
the presence of diminishing returns determines the 
shape of the cost curves. In particular, there is an 
inverse relationship between the marginal product of a 


6 . 


single variable input and the marginal cost of produc- 
tion. The average variable cost and average total cost 
curves are U-shaped. The short-run marginal cost 
curve increases beyond a certain point, and cuts both 
average cost curves from below at their minimum 
points. 

In the long run, all inputs to the production process 
are variable. As a result, the choice of inputs depends 
both on the relative costs of the factors of production 
and on the extent to which the firm can substitute 
among inputs in its production process. The cost- 
minimizing input choice is made by finding the point 
of tangency between the isoquant representing the 
level of desired output and an isocost line. 

The firm's expansion path shows how its cost- 
minimizing input choices vary as the scale or output s 
of its operation increases. As a result, the expansion 
path provides useful information relevant for long- 
run planning decisions. 


, pp e long-run average cost curve is the envelope of the 
firm's short-run average cost curves, and it reflects 
the presence or absence of returns to scale. When 
there are constant returns to scale and many plant 
sizes are possible, the long-run cost curve is horizon- 
tal; the envelope consists of the points of minimum 
short-run average cost. However, when there are 
increasing returns to scale initially and then decreas- 
ing returns to scale, the long-run average cost curve is 
U-shaped, and the envelope does not include all 
points of minimum short-run average cost, 
g ^ firm enjovs economies of scale when it can double its 
output at less than twice the cost. Correspondingly 
there are diseconomies of scale when a doubling of 
output requires more than twice the cost. Scale 
economies and diseconomies apply even when input 
proportions are variable; returns to scale applies only 
when input proportions are fixed. 

9 , When a firm produces two (or more) outputs, it is 
important to note whether there are economies of scope 


10 . 


11 . 


in production Economies of scope arise when the 
firm can produce anv combination of the two out- 
puts more cheaplv than could two independent firms 
that each produced a single product The degree of 
economies of scope is measured bv the percent- 
age reduction in cost when one firm produces two 
products relative to the cost of producing them indi- 
vidually. 

A firm's average cost of production can fall over time 
if the firm "learns" how to produce more effectively. 
The learning curve shows how much the input needed 
to produce a given output falls as the cumulative out- 
put of the firm increases. 

Cost functions relate the cost of production to the 
firm's level of output. The functions can be measured 
in both the short run and the long run bv using either 
data for firms in an industry at a given time or data 
for an industry over time. A number of functional 
relationships, including linear, quadratic, and cubic, 
can be used to represent cost functions. 



1. A firm pays its accountant an annual retainer of 
510,000. Is this an explicit or an implicit cost? 

2. The owner of a small retail store does her own 
accounting work. How would you measure the 
opportunity cost of her work? 

3. Suppose a chair manufacturer finds that the marginal 
rate of technical substitution of capital for labor in his 
production process is substantially greater than the 
ratio of the rental rate on machinery to the wage rate 
for assembly-line labor. How should he alter his use 
of capital and labor to minimize the cost of produc- 
tion? 

4. Why are isocost lines straight lines? 

5. If the marginal cost of production is increasing, do 
you know whether the average variable cost is in- 
creasing or decreasing? Explain. 


6. If the marginal cost of production is greater than the 
av erage variable cost, do you know whether the aver- 
age variable cost is increasing or decreasing? Explain. 

7. If a firm's average cost curves are U-shap>ed, why 
does its average variable cost curve achieve its mini- 
mum at a lower level of output than the average total 
cost curve? 

8. If a firm enjoys increasing returns to scale up to a cer- 
tain output level, and then constant returns to scale, 
what can you say about the shape of its long-run aver- 
age cost curve? 

9. How does a change in the price of one input change a 
firm's long-run expansion path? 

10. Distinguish between economies of scale and econ- 
omies of scope. Why'’ can one be present without the 
other? 


K 


mm 





"You can confirm this principle either by graphing the curve or by' differentiating the average cost 
function with respect to Q, setting it equal to 0, and" solving for Q. 


1- Assume a computer firm's marginal costs of produc- 
tion are constant at $1000 per compmter. However, the 
fixed costs of production are equal to 510,000. 

a. Calculate the firm's average variable cost and 
average total cost curves. 

b. If the firm wanted to minimize the average total 
cost of production, would it choose to be very large 
or very small? Explain. 


2. If a firm hires a currently unemploy'ed worker, the 
opportunity cost of utilizing the worker's service is 
zero Is this true? Discuss. 

3. a. Suppose a firm must pay an annual franchise fee 

or tax, which is a fixed sum, independent of 
whether it produces any output. How does this tax 
affect the firm's fixed, marginal, and average 
costs? 
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b. Now suppose the firm is charged a tax that is pro- 
portional to the number of items it produces. 
Again, how does this tax affect the firm's fixed, 
marginal, and average costs? 

O' O 

4. Several years ago Business Week reported the following: 

During an auto sales slump, GM, Ford, and 
Chrysler decided it was cheaper to sell cars to 
rental companies at a loss than to lay off workers. 
That's because closing and reopening plants is 
expensive, partly because the automakers' current 
union contracts obligate them to pay many work- 
ers even if they're not working. 

When the article discusses selling cars "at a loss," is it 
referring to accounting profit or economic profit? 
How will the two differ in this case? Explain briefly. 

5. A chair manufacturer hires its assembly-line labor for 
$22 an hour and calculates that the rental cost of its 
machinery is S110 per hour. Suppose that a chair can 
be produced using 4 hours of labor or machinery in 
any combination. If the firm is currently using 3 hours 
of labor for each hour of machine time, is it minimiz- 
ing its costs of production? If so, whv? If not, how can 
it improve the situation? 

6. Suppose the economy takes a downturn; labor costs 
fall by 50 percent and are expected to stay at that level 
for a long time. Show graphically how this change in 
the relative price of labor and capital affects a firm's 
expansion path. 

7. You are in charge of cost control in a large metropoli- 
tan transit district. A consultant comes to you with tire 
following report: 

Our research has shown that the cost of running a 
bus for each trip down its line is $30 regardless of 
the number of passengers it carries. Each bus can 
carry 50 people. At rush hour, when the buses are 
full, the average cost per passenger is 60 cents. 
However, during off-peak hours, average rider- 
ship falls to 18 people and average cost soars to 
$1.67 per passenger. As a result, we should encour- 
age more rush-hour business when costs are 
cheaper and discourage off-peak business when 
costs are higher. 

Do you follow the consultant's advice? Discuss. 

8. An oil refinery consists of different pieces of processing 
equipment, each of which differs in its ability to break 
down heavy' sulfurized crude oil into final products. 
The refinery process is such that the marginal cost of 
producing gasoline is constant up to a point as crude 
oil is put through a basic distilling unit. However, as 
the unit fills up, the firm finds that in the short run, 
the amount of crude oil that can be processed is lim- 
ited. The marginal cost of producing gasoline is also 



constant up to a capacity limit when crude oil is p U f 
through a more sophisticated hydrocracking unit 
Graph the marginal cost of gasoline production when 
a basic distilling unit and a hydrocracker are used. 

9. You manage a plant that mass produces engines bv 
teams of workers using assembly machines The tech- 
nologv is summarized bv the production function 

Q = 4 KL 

where Q is the number of engines per week, K the 
number of assemblv machines, and L the number 
of labor teams. Each assembly machine rents for 
r = $12,000 per week and each team costs w = $3000 
per week. Engine costs are given by the cost of labor 
teams and machines, plus $2000 per engine for raw 
materials. Your plant has a fixed installation of 10 
assembly machines as part of its design. 

a. What is the cost function for your plant — namely, 

how much will it cost to produce Q engines? 
What are average and marginal costs for produc- 
ing Q engines? How do average costs vary with 
output? jjj 

b. How many teams are required for producing 80 
engines? What is the average cost per engine? 

c. You are asked to make recommendations for the 
design of a new production facility. What would 
you suggest? In particular, what capital/labor 
( K/L ) ratio should the new plant accommodate? If 
lower average cost were vour only criterion, 
should you suggest that the new plant have more 
or less production capacity than the plant you cur- 
rently' manage? 

*10. A computer company's cost function relates its avei- 
age cost of production AC to its cumulative output in 
thousands of computers CQ. Its plant size in terms of 
thousands of computers produced per year Q, within 
the production range of 10,000 to 50,000 computers, is 
given by' |j 

AC = 10 - 0 ICQ + 0.3Q 

a. Is there a learning curve effect? 

b. Are there increasing or decreasing returns to scale? 

c. During its existence, the firm has produced a total 
of 40,000 computers and is producing 10,000 com- 
puters this vear. Next '. ear it plans to increase its 
production to 12,000 computers Will its average 
cost of production increase or decrease? Explain. 

11. The total short-run cost function of a company is 
given by the equation C = 190 + 53Q, where C is the 
total cost and Q is the total quantity of output, both 
measured in tens of thousands. 

a. What is the company's fixed cost? 

b. If the company produces 100,000 emits, what is its 
average variable cost? 

c. What is its marginal cost per unit produced? 

d. What is its average fixed cost? 
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e Supp ose ^ ie company borrows money and 
expands its factory. Its fixed cost rises by S50,000, 
but its variable cost falls to $45,000 per 10,000 emits, 
jhe interest cost (!) also enters into the equation. 
Each one-point increase in the interest rate raises 
costs by $30,000 Write the new cost equation. 

*V Suppose long-run total cost function for an indus- 
’ trv i s given by the cubic equation TC = a + bQ + 
: q- - ,/Q 3 . Show (using calculus) that this total cost 
function is consistent with a U-shaped average cost 
curve for at least some values of the parameters a, b, c, d. 


*13. A computer company produces hardware and soft- 
ware using the same plant and labor. The total cost of 
producing computer processing emits H and software 
programs S is given by 

TC = aH + bS - cHS 

where a, b, and c are positive. Is this total cost function 
consistent with the presence of economies or dis- 
economies of scale? With economies or diseconomies 
of scope? 
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’PENDIX TO CHAPTER 7 


nd Cost Theory- 
itieaB Treatment 


This appendix presents a mathematical treatment of the basics of production 
and cost theory. As in the appendix to Chapter 4, vve use the method of Lagrange 
multipliers to solve the firm's cost-minimizing problem. 


The theory of the firm relies on the assumption that firms choose inputs to the 
production process that minimize the cost of producing output. If there are two 
inputs, capital K and labor L, the production function F(K, L) describes the maxi 
mum output that can be produced for every possible combination of inputs. We 
assume that each of the factors in the production process has positive but 
decreasing marginal products. Writing the marginal product of capital as 
VlP.dK/ L) = dF{K, L)/dK, vve assume that MP k (K, L) > 0 and c/MP k (K, L)/dK < 0. 
Similarly, if the marginal product of labor is given by VIP L (K, L) = dF(K, L)/dL, 
vve assume that MP L (K, L) > 0 and <vMP L (K, L)/dL < 6. 

A competitive firm takes the prices of both labor w and capital r as given 
Then the cost-minimization problem can be written as 

Minimize C = wL + rK (A7.1) 

subject to the constraint that a fixed output Q 0 be produced: 

F(K, L) = Q 0 (A7.2) 

C represents the cost of producing the fixed level of output Q 0 . 

To determine the firm's demand for capital and labor inputs, vve choose tb 
values of K and L that minimize (A7.1) subject to (A7 2) We can solve this con- 
strained optimization problem in three steps using the method discussed in th 
Appendix to Chapter 4: 

□ Step 1. Set up the Lagrangian, which is the sum of two components: the cost 
of production (to be minimized) and the Lagrange multiplier A times the out- 
put constraint faced by the firm: 

h - wL + rK - Ajf (K, L) - Q 0 ‘ (A7.3 

□ Step 2. Differentiate the Lagrangian with respect to K, L, and A. Then equate th 
resulting derivatives to zero to obtain the necessary conditions for a minimum: 1 

n 

f«J i/BK = r - AMP k (K, L) = 0 

()<!>/ dL = zv - AMP l (K, L) = 0 (A7.4 

ith/iA = F(K, L) - Q 0 = 0 



These conditions are necessary for a solution involving positive amounts of both inputs. 


l 
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g Step 3. In general, these equations can be solved to obtain the optimizing val- 
ues of L, K, and A It is particularlv instructive to combine the first two condi- 
tions in (A7.4), to obtain 

MP k (K, L)/r = MP l ( K, L)/w (A7.5) 

Equation (A7.5) tells us that if the firm is minimizing costs it will choose its 
factor inputs to equate the ratio of the marginal product of each factor divided 
bv its price. To see that this makes sense, suppose MP x /r were greater than 
MP;A'-' Then the firm could reduce its cost while still producing tire same 
output bv using more capital and less labor 

Finallv, we can combine the first two conditions of (A7.4) in a different way 
to evaluate the Lagrange multiplier: 

A = ;/MP k (K, L) = ci'/MP L (K, L) (A7.6) 

Suppose output increases by one emit. Because the marginal product of capi- 
tal measures the extra output associated with an additional input of capital, 
1 /MP k (K, L) measures the extra capital needed to produce one unit of output. 
Therefore, r/MP K (K, L) measures the additional input cost of producing an 
additional unit of output by increasing capital. Likewise, zv/MP L (K, L) mea- 
sures the additional cost of producing a unit of output using additional labor 
as an input. In both cases, the Lagrange multiplier is equal to the marginal 
cost of production, because it tells us how much the cost increases if the 
amount is increased by one unit. 

Marginal Bate of Tech mica! Substitution 

Recall that an isoquant is a curve that represents the set of all input combinations 
that give the firm the same level of output — say, Q*. Thus the condition that 
F(K, L) = Q* represents a production isoquant. As input combinations are 
changed along an isoquant, the change in output, given by the total derivative of 
F(K, L ) equals zero (i.e , dQ - 0). Thus 

MP k (K, LjdK + MP l (K, L)dL - dQ = 0 (A7.7) 

It follows by rearrangement that 

-dK/dL = MRTS tK = MP L (K, L)/MP k (K, L) (A7.8) 

where MRTS LK is the firm's marginal rate of technical substitution between labor 
and capital. 

Now, rewrite the condition given by (A7.5) to get 

MP l (K, L)/MP k (K, L) = w/r (A7.9) 

Because the left side of (A7.8) represents the negative of the slope of the iso- 
quant, it follows that at the point of tangenev of the isoquant and the isocost line, 
{ he firm's marginal rate of technical substitution (which trades off inputs while 
keeping output constant) is equal to the ratio of tire input prices (which repre- 
sents the slope of the firm's isocost line). 
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Cobb-Douglas production 
function Production func- 
tion of the form Q = AK a lf, 
where Q is the rate of output, 
K is tile quantity of capital, and 
L is the quantity of labor, and 
where a and (S are constants. 


(A7.10) 


We can look at this result another way be rewriting (A7.9) again: 

MP L /a> = MPtyV 

Equation (A7.10) tells us that the marginal products of all production inputs 
must be equal when these marginal products are adjusted by the unit cost of 
each inpul If the cost-adjusted marginal products were not equal, the firm could 
change its inputs to produce the same output at a lower cost. 

Duality iin) ProdmiGtioini atmcl Cost TGieoiry 

As in consumer theory, the firm's input decision has a dual nature. The optimum 
choice of K and L can be analyzed not only as the problem ot choosing the lowest 
isocost line tangent to the production isoquant, but also as the problem of choos- 
ing the highest production isoquant tangent to a given isocost line. To verify this, 
consider the following dual producer problem: 

Maximize F(K, L ) 

subject to the cost constraint that 

wL + rK = C 0 (A7.ll) 

The corresponding Lagrangian is given by 

m 

<t> = F(K, L) - jj.(zoL + rK - C 0 ) (A7.12) 

where /j. is the Lagrange multiplier. The necessary conditions for output maxi- 
mization are 

MP k (K, L) - nr = 0 

MP l (K, L ) - n w = 0 (A7.13) 

wL + rK - C 0 = 0 

By solving the first two equations, we see that 

MP k {K, L)/r = MP l (K, L)/w (A7.14) 

which is identical to the condition that was necessary for cost minimization. 

The CobIb-DougSas Cost end Frodyctiora Functions 

Given a specific production function F(K, L), conditions (A7.13) and (A7.14) can 
be used to derive the cost function C(Q). To understand this principle, let's work 
through the example of a Cobb-Douglas production function. This production 
function is 

F(K, L) = AK a LP 

or, by taking the logs of both sides of the production function equation: 

log [F(K, L)} = log A + a log K + (3 log L 



VVe assume that « < ] and (3 < 1, so that the firm has decreasing marginal prod- 
ucts of labor and capital : If a - [4 = 1, the firm has constant returns to scale, 
because doubling K and L doubles F If a + (3 > 1, the firm has increasing returns 
to scale, and if a - (3 < 1, it has decreasing returns to scale. 

As an application, consider the carpet industry described in Example 6 4. The 
production of both small and large firms can be described by Cobb-Douglas pro- 
duction functions. For small firms, a = .77 and f3 = .23. Because a -t- /3 •= 1, 
there is constant returns to scale. For larger firms, however, « = S3 and [3 = .22. 
Thus a -t- (3 - 1.05, and there is increasing returns to scale. 

To find the amounts of capital and labor that the firm should utilize to mini- 
mize the cost of producing an output Q 0 , we first write the Lagrangian 


$ = zoL + rK - \{AK a L p - Q 0 ) 


(A7.15) 


Differentiating with respect to L, K, and A, and setting those derivatives equal to 
0, we obtain 


cl$>/()L - w - A (fAK"^- 1 ) - 0 
t)(p/dK = r - A(aAK“ [ L P ) = 0 
ddVOA = AK“L P - Q 0 = 0 
From equation (A7.16) we have 

A = w/A(3K a LP~ l 

Substituting tins formula into equation (A7.17) gives us 

rf3AK tt lf~ l = waAK a ~ 1 L p 
or 

L = (3rK/aw 

Now, use equation (A7.21) to eliminate L from equation (A7.18): 

AXApPfKfycPvP = Q 0 

Rewrite the new equation as 

K a ^= {aw/frfQJA 
or 

K = [(aro/j8r) p/( " + »](Q 0 M) 1/ft+ft 


(A7.16) 

(A7.17) 

(A7.18) 

(A7.19) 

(A7.20) 

(A7.21) 

(A7.22) 

(A7.23) 

(A7.24) 


VVe have now determined the cost-minimizing quantity of capital. To determine 
the cost-minimizing quantity of labor, we simply substitute equation (A7.24) 
into equation (A7.21): 


L = [(j8r/aw)“ /(o+ »](Q 0 M) 1/(a+ » 


(A7.25) 


Note that if the wage rate z o rises relative to the price of capital r, the firm will 
use more capital and less labor. Suppose that because of technological change, A 



For example, if the marginal product of labor is given by MP L = L)]/d L = fSAKFlf \ MP L 

rails as L increases. 
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increases (so the firm can produce more output with the same inputs); in that 
case, both K and L will fall. 

We have shown how cost-minimization subject to an output constraint can be 
used to determine the firm's optimal mix of capital and labor. Now we will 
determine the firm's cost function The total cost of producing any output Q can 
be obtained by substituting equations (A7.24) for K and (A7.25) for L into the 
equation C = ivL -f- rK. After some algebraic manipulation we find that 


+P) 

f a Y 3 , 


n/QY^-^ 


.w 

w 

\AJ 


(A7.26) 


This cost function tells us (1) how the total cost of production increases as the 
level of output Q increases, and (2) how cost changes as input prices change. 
When a + (3 equals 1, equation (A7.26) simplifies to 

C = rt«V[(a//3)0 + {a//3)~ a ](l/A)Q 

In this case, therefore, cost will increase proportionately with output As a result, 
the production process exhibits constant returns to scale. Likewise if a + j8 is 
greater than 1, there is decreasing returns to scale; if a + fi is less than 1, there is 
increasing returns to scale. 

Now consider the dual problem of maximizing the output that can be pro- 
duced with the expenditure of C 0 dollars. We leave it to you to work through this 
problem for the Cobb-Douglas production function. You should be able to show 
that equations (A7.24) and (A7.25) describe the cost-minimizing input choices. 
To get you started, note that the Lagrangian for this dual problem is 
<t> = AK^V 3 - ix(wL r rK - C 0 ). 


■RfllSES- 


1. Of the following production functions, which exhibit 
increasing, constant, or decreasing returns to scale? 

a. F(K, L) = K 2 L 

b. F(K, L) = 10K + 5 L 

c. F(K, L) = (KL) 5 

2. The production function for a product is given by 
Q = 100KL. If the price of capital is 5120 per dav and 
the price of labor $30 per day, what is the minimum 
cost of producing 1000 units of output? 

3. Suppose a production function is given by 
F(K, L) = KL 1 ; the price of capital is $10 and the price 
of labor $15. What combination of labor and capital 
minimizes the cost of producing any given output? 

4. Suppose the process of producing lightweight parkas 
by Polly's Parkas is described by the function 

Q = 10 K S (L - 40) 2 

where Q is the number of parkas produced, K the 
number of computerized stitching-inachine hours, 
and L the number of person-hours of labor. In addi- 


tion to capital and labor, 510 worth of raw materials 
are used in the production of each parka. 

a. Bv minimizing cost subject to the production func- 
tion, derive the cost-minimizing demands for K 
and L as a function of output (Q), wage rates (;<’)> 
and rental rates on machines (r). Use these results 
to derive the total cost function: that is, cosis as a 
function of Q, r, re, and the constant S1G per unit 
materials cost. 

b. This process requires skilled workers, who earn 
532 per hour. The rental rate on the machines used 
in the process is $64 per hour. At these factor 
prices, what are total costs as a function of Q 7 Does 
this teclinologv exhibit decreasing, constant, or 
increasing returns to scale? 

c. Pollv's Parkas plans to produce 2000 parkas per 
week At the factor prices given above, how many 
workers should the firm hire (at 40 hours per 
week) and how manv machines should it rent (at 
40 machine-hours per week)? What are the mar- 
ginal and average costs at this level of production? 
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Profit [Maximization 
am®] Compatitiwe Supply 


A cost curve describes the minimum cost at which a firm 
xlLcan produce various amounts of output. Once we know 
its cost curve, we can turn to a fundamental problem faced by 
every firm: How much should be produced? In this chapter, 
we will see how a perfectly competitive firm chooses the level 
of output that maximizes its profit. We will also see how the 
output choices of individual firms lead to a supply curve for 
an entire industry. 

Our discussion of production and cost in Chapters 6 and 7 
applies to firms in all kinds of markets. However, in this chap- 
ter we focus on firms in perfectly competitive markets, in which 
all firms produce an identical product and each is so small in 
relation to- the industry that its production decisions have no 
effect on market price. New firms can easily enter the industry 
if they perceive a potential for profit, and existing firms can 
exit if they start losing money. 

We begin by explaining exactly what is meant by a competi- 
tive market. We then explain why it makes sense to assume that 
firms (in any market) have the objective of maximizing profit. 
We provide a rule for choosing the profit-maximizing output 
for firms in all markets, competitive or otherwise. Following 
this we show how a competitive firm chooses its output in the 
short and long run. 

We next examine how the firm's output choice changes as 
the cost of production or the prices of inputs change. In this 
way, we show how to derive the firm's supply curve. We then 
aggregate the supply curves of individual firms to obtain the 
industry supply curve. In the short run, firms in an industry 
choose which level of output to produce to maximize profit, hr 
the long run, they not only make output choices but also 
decide whether to be in a market at all. We will see that while 
the prospect of high profits encourages firms to enter an 
industry, losses encourage them to leave. 


Lis'S of Examples 
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price taker Firm that has no 
influence over market price 
and that thus takes the price 
as a given. 


partArf 

JL jl A L. 


tly Competitive Mar. 


In Chapter 2, we used supply-demand analysis to explain how changing market 
conditions affect the market price of such products as wheat and gasoline. We 
saw that the equilibrium price and quantitv of each product was determined bv 
the intersection of the market demand and market supply curves. Underlying 
this analysis is the model of a perfectly competitive market. The model of perfect 
competition is very useful for stud\ ing a variety of markets, including agricul- 
ture, fuels and other commodities, housing, services, and financial markets. 
Because this model is so important, we will spend some time laying out the basic 
assumptions that underlie it. 

The model of perfect competition rests on three basic assumptions: (1) price 
taking, (2) product homogeneity, and (3) free entry and exit. You hav e encountered 
these assumptions earlier in the book; here we summarize and elaborate on them. 


Price Taking Many firms compete in the market, and therefore each firm 
faces a significant number of direct competitors for its products. Because each 
individual firm sells a sufficiently small proportion of total market output, its decisions 
have no impact on market price. Thus each firm takes the market price as given. In 
short, firms in perfectly competitive markets are price takers. 

Suppose, for example, that you are the owner of a small electric lightbulb dis- 
tribution business. You buy your lightbulbs from the manufacturer and resell 
them at wholesale to small businesses and retail outlets. Unfortunately, you are 
only one of manv competing distributors. As a result, you find that there is little 
room to negotiate with your customers. If vou do not offer a competitiv e price 
one that is determined in the marketplace — \ our customers will take their business 
elsewhere. In addition, you know that the number of lightbulbs that you sell will 
have little or no effect on the wholesale price of bulbs. You are a price taker. 

The assumption of price taking applies to consumers as well as firms. In a per- 
fectly competitive market, each consumer buys such a small proportion of total 
industry output that he or she has no impact on tire market price, and therefore 
takes the price as given. 

Another way of stating the price-taking assumption is that there are many 
independent firms and independent consumers in the market, all of whom 
believe — correctly — that their decisions will not affect prices. 


Product Homogeneity Price-taking behavior typically occurs in markets 
where firms produce identical, or nearly identical, products. When the products o 
all of the firms in a market are perfectly substitutable with one another — that is, whe 
they are homogeneous — no firm can raise the price of its product above the pric 
of other firms without losing most or all of its business. Most agricultural prod 
ucts are homogeneous: Because product quality is relatively similar among 
farms in a given region, for example, buyers of corn do not ask which individual 
farm grew the product. Oil, gasoline, and raw materials such as copper, iron, 
lumber, cotton, and sheet steel are also fairly homogeneous. Economists refer to 
such homogeneous products as commodities 

In contrast, when products are not homogeneous, each firm has the opportu- 
nity to raise its price above that of its competitors without losing all of its sales- 
Premium ice creams such as Haagen-Daaz, for example, can be sold at higher 
prices because Haagen-Daaz has different ingredients and is perceived by man} 
consumers as a higher-quality product. 
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The assumption of product homogeneity is important because it ensures that 
there is a single market price, consistent with supply-demand analysis. 


free Entry and Exit This third assumption, of free entry' (exit), means that 
there are no special costs that make it difficult for a new firm either to enter 
a n industry and produce or to exit if it cannot make a profit As a result, buyers 
am easily switch from one suppliei to another, and suppliers can easily enter or exit a 
market. 

The special costs that could restrict entry are costs that an entrant to a market 
would have to bear but a firm that is already producing will not The pharma- 
ceutical industry, for example, is not perfectly competitive because Merck, 
Pfizer, and other firms hold patents that give them unique rights to produce 
drugs. Any new entrant would either have to invest in research and develop- 
ment to obtain its own competing drugs or pay substantial license fees to one or 
more firms already in the market. R&D expenditures or license fees could limit a 
firm's ability to enter the market. Likewise, the aircraft industry is not perfectly 
competitive because entry requires an immense investment in plant and equip- 
ment that has little or no resale value. 

The assumption of free entry and exit is important for competition to be effec- 
tive. It means that consumers can easily switch to a rival firm if a current sup- 
plier raises its price. For businesses, it means that a firm can freely enter 
an industry if it sees a profit opportunity and exit if it is losing money. Thus a 
firm can hire labor and purchase capital and raw materials as needed, and it 
can release or relocate these factors of production if it wants to shut down or 
relocate. 

If these three assumptions of perfect competition hold, market demand and 
supply' curves can be used to analyze the behavior of market prices. In most mar- 
kets, of course, these assumptions are unlikely to hold exactly. Tins does not mean, 
however, that the model of perfect competition is not useful Some markets do 
indeed come close to satisfying our assumptions. But even when one or more of 
these three assumptions fails to hold, so that a market is not perfectly competitive, 
much can be learned by making comparisons with the perfectly competitive ideal. 


free entry (exit) When there 
are no special costs that make 
it difficult for a firm to enter 
(or exit) an industry. 


Whelm Is a [Market Highly Competitive? 

Apart from agriculture, few real-world markets are perfectly competitive in the 
sense that each firm faces a perfectlv horizontal demand curve for a homoge- 
neous product in an industry that it can freely enter or exit. Nevertheless, many 
markets are highly competitive in the sense that firms face highly elastic demand 
curves and relatively easy entry and exit. 

A simple rule of thumb to describe whether a market is close to being per- 
fectly competitive would be appealing. Unfortunately, we have no such rule, 
and it is important to understand why. Consider the most obvious candidate: an 
industry with many firms (say, at least 10 to 20). Because firms can implicitly or 
explicitly collude in setting pirices, the presence of many firms is not sufficient 
fee an industry to approximate perfect competition. Conversely, the presence of 
only a few firms in a market does not rule out competitive behavior. Suppose 
feat only three firms are in the market but that market demand for the product is 
Wry elastic. In this case, the demand curve facing each firm is likelv to be nearly 
horizontal and the firms will behave as if they were operating in a perfectly com- 
petitive market. Even if market demand is not very elastic, these three firms 
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might compete very aggressively (as we will see in Chapter 13). The important 
point to remember is that although firms may behave competitively in many sit- 
uations, there is no simple indicator to tell us when a market is highly competi- 
tive. Often it is necessary to analyze both the firms themselves and their strategic 
interactions, as we do in Chapters 12 and 13. 


Profit 


aximization 


We now turn to the analysis of profit maximization. In this section, we ask 
whether firms do indeed seek to maximize profit. Then in Section 8.3 we will 
describe a rule that any' firm — whether in a competitive market or not — can use 
to find its profit-maximizing output level. Then, we will consider the special 
case of a firm in a competitive market. We distinguish the demand curve facing a 
competitive firm from the market demand curve and use this information to 
describe the competitive firm's profit-maximization rule. 


s Maximize 

The assumption of profit maximization is frequently used in microeconomics 
because it predicts business behavior reasonably accurately and avoids unneces- 
sary analytical complications. But the question of whether firms actually do seek 
to maximize profit has been controversial. 

For smaller firms managed by their owners, profit is likely to dominate 
almost all decisions. In larger firms, however, managers who make day-to-day 
decisions usually have little contact with the owners (i.e., the stockholders). Asa 
result, owners cannot monitor the managers' behavior on a regular basis. 
Managers then have some leeway in how they run the firm and can deviate from 
profit-maximizing behavior. 

Managers may be more concerned with such goals as revenue maximization, 
revenue growth, or the payment of dividends to satisfy shareholders. They 
might also be overly concerned with the firm's short-run profit (perhaps to earn 
a promotion or a large bonus) at the expense of its longer-run profit, even 
though long-run profit maximization better serves the interests of the stockhold- 
ers. 1 (We discuss the implications of differences between the incentives of man- 
agers and owners iii greater detail in Chapter 17.) 

Even so, managers' freedom to pursue goals other than long-run profit maxi- 
mization is limited. If they do pursue such goals, shareholders or boards ot 
directors can replace them, or the firm can be taken over by new management. 
In any case, firms that do not come close to maximizing profit are not likely to 
survive. Firms that do survive in competitive industries make long-run profit 
maximization one of their highest priorities. 

Thus our working assumption of profit maximization is reasonable. Firms 
that have been in business for a long time are likely to care a lot about profit, 
whatever else their managers may appear to be doing. For example, a firm that 


1 To be more exact, maximizing the market value of the firm is a more appropriate goal than P 
maximization because market value includes the stream of profits that the firm earns ovei time, 
the stream of current and future profits that is of direct interest to the stockholders 


u hsidizes public television may seem public-spirited and altruistic. Yet this 
beneficence is likely' to be in the long-run financial interest of the firm because it 
T enerates goodwill for the firm and its products. 


Marginal Revenue, Mar 
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Let's begin by looking at the profit-maximizing output decision for any firm, 
whether the firm operates in a perfectly competitive market or is one that can 
influence price. Because profit is the difference between (total) revenue and 
(total) cost, finding the firm's profit-maximizing output level means analysing 
its revenue. Suppose that the firm's output is q, and that it obtains revenue R. 
This revenue is equal to the price of the product P times the number of units 
sold: R = P< 7- The cost of production C also depends on the level of output. The 
firm's profit, tt, is the difference between revenue and cost: 

7T(q) = R(q) - C(q) 

(Here we show explicitly that tt, R, and C depend on output. Usually we will 
omit this reminder.) 

To maximize profit, the firm selects the output for which the difference 
between revenue and cost is the greatest. This principle is illustrated in Figure 
8.1. Revenue R(q) is a curved line, which reflects the fact that the firm can sell a 
greater level of output only by lowering its price. The slope of this revenue curve 





8.1 Profit Maximization in the Short Run 


A firm chooses output q *, so that profit, the difference AB between revenue R and 
cost ' C, is maximized. At that output, marginal revenue (the slope of the revenue 
yurve) is equal to marginal cost (the slope of the cost curve). 


profit Difference between 
total revenue and total cost. 


“ 4 # 
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marginal revenue Change 
in revenue resulting from a 
one-unit increase in output. 


is marginal revenue; the change in revenue resulting from a one-unit increase^ t 
output. I 

Also shown is the total cost curve C(q). The slope of this curve, which mea- j 
sures the additional cost of producing one additional unit of output, is the firm's 1 
marginal cost. Note that total cost C(q) is positive when output is zero becausg I 
there is a fixed cost in the short run. f 

For the firm illustrated in Figure 8.1, profit is negative at low levels of output, ! 
because revenue is insufficient to cover fixed and variable costs. As output 
increases, revenue rises more rapidly than cost, so that profit eventually 
becomes positive. Profit continues to increase until output reaches the level q* 

At this point, marginal revenue and marginal cost are equal, and the vertical dis- 
tance between revenue and cost, AB, is greatest, q* is the profit-maximizing out- 
put level. Note that at output levels above q *, cost rises more rapidly than rev- 
enue — i.e., marginal revenue is less than marginal cost. Thus, profit declines 
from its maximum when output increases above q*. 

The rule that profit is maximized when marginal revenue is equal to marginal 
cost holds for all firms, whether competitive or not This important rule can also 
be derived algebraically. Profit, 77 = R — C, is maximized at the point at which 
an additional increment to output leaves profit unchanged (i.e., .\—/.\q = 0): 

A77/A q = \R/\q - \C/\q = 0 

AR/Aij is marginal revenue MR and \C/lq is marginal cost MC. Thus we con- 
clude that profit is maximized when MR - MC = 0, so that 


MR(<j) = MC(fj) 


In §4.1, we explain how the 
demand curve relates the 
quantity of a good that a con- 
sumer will buy to the price of 
that good. 


for a Competitive Firm 

Because each firm in a competitive industry sells only a small fraction of the 
entire industry sales, how much output the firm decides to sell will have no effect on 
the market price of the product. The market price is determined by the industry 
demand and supply curves. Therefore, the competitive firm is a price taka 
Recall that price taking is one of the fundamental assumptions of perfect compe 
tition. The price-taking firm knows that its production decision will haven 
effect on the price of the product. For example, when a farmer is deciding ho 1 
many acres of wheat to plant in a given year, he can take the market pi ice c 
wheat — say, $4 per bushel — as given. That price will not be affected by hi? 


t 

i 


acreage decision. 


i 

I 


Often we will want to distinguish between market demand curves and th 
demand curves that individual firms face. In this chapter we will denote nnvko 
output and demand by capital letters (Q and D), and the firm s output and 
demand by lowercase letters (q and d). 

Because it is a price taker, the demand curve d facing an individual competitive fun- 
is given by a horizontal line. In Figure 8.2(a), the farmer's demand curve correspond 
to a price of S4 per bushel of wheat. The horizontal axis measures the amount ot 
wheat that the farmer can sell, and the vertical axis measures the price. 

Compare the demand curve facing the firm (in this case the farmer) in I ig LirL 
8.2(a) with the market demand curve D in Figure 8.2(b). lire market demand cun >•’ 
shows how much wheat all consumers will buy at each possible price. It is dow n 
ward sloping because consumers buy more wheat at a lower price. Tire denran 


curve facing the firm, however, is 


horizontal because the firm's sales will hai £ 


t 
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(dollars per 
bushel) 


Price 
(dollars per 
bushel) 


Industry 


Output (bushels) 


Output (millions 
of bushels) 
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A competitive firm supplies only a small portion of the total output of all the firms in an industry. Therefore the firm 
takes the market price of the product as given, choosing its output on the assumption that the price will be unaffected 
bv the output choice, hr (a) the demand curve facing the firm is perfectly elastic, even though the market demand 
curve in (b) is downward sloping. 


no effect on price. Suppose the firm increased its sales from 100 to 200 bushels of 
wheat. This would have almost no effect on the market because tire industry 
output of wheat is 100 million bushels. Price is determined by the interaction of 
all firms and consumers in the market, not by tire output decision of a single firm. 

Bv the same token, when an individual firm faces a horizontal demand curve, it 
can sell an additional unit of output without lowering price. As a result, when it 
sells an additional unit, the firm's total revenue increases by an amount equal to the 
price: one bushel of wheat sold for $4 yields additional revenue of S4. Thus, mar- 
ginal revenue is constant at $4. At the same time, average revenue received by the 
firm is also S4 because everv bushel of wheat produced will be sold at $4. Therefore: 

The demand curve d facing an individual firm in a competitive market is both 
its average revenue curve and its marginal revenue curve. Along this demand 
curve, marginal revenue, average revenue, and price are all equal. 


Profit Maximization by a Competitive Firm 

Because the demand curve facing a competitive firm is horizontal, so that 
MR = P r the general rule for profit maximization that applies to anv firm can be 
simplified. A perfectly competitive firm should choose its output so that mar- 
ginal cost equals price: 


MC(ij) = MR = P 


■vote that because competitive firms take price as fixed, this is a rule for setting 
0ut Put, not price. 
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The choice of the profit-maximizing output by a competitive firm is so impor- 
tant that we will devote most of the rest of this chapter to analyzing it. We begin 
with the short-run output decision and then move to the long run. 




I V. - 4 
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How much output should a firm produce over the short run, when the firm's 
plant size is fixed? In this section we show how a firm can use information about 
revenue and cost to make a profit-maximizing output decision. 


Marginal, average, and total 
cost are discussed in §7.2. 


a Competitive Firm 

In the short run, a firm operates with a fixed amount of capital and must choose 
the levels of its variable inputs (labor and materials) to maximize profit. Figure 
8.3 shows the firm's short-run decision. The average and marginal revenue 
curves are drawn as a horizontal line at a price equal to S40. hr this figure, we have 
drawn the average total cost curve ATC, the average variable cost curve AVC, 
and the marginal cost curve MC, so that we can see the firm's profit more easily. 



FIGURE 8.3 A Competitive 


7 at which its marginal cost MC is 


hr tire short run, tire competitive firm maximizes its profit by choosing an output q* m vmui , 

qual to the price P (or marginal revenue MR) of its product. The profit of the firm is measured by the lectang 


eq 


Profit is maximized at point A, where output is q* = 8 and the price is S40, 
because marginal revenue is equal to marginal cost at this point. To see that 
_ g is indeed the profit-maximizing output, note that at a lower output, say 
= 7, marginal revenue is greater than marginal cost; profit could thus be 
increased by increasing output. The shaded area between q, = 7 and q* shows 
the lost profit associated with producing at q v At a higher output, say q 2 , mar- 
ginal cost is greater than marginal revenue; thus, reducing output saves a cost 
jj ia t exceeds the reduction in revenue. The shaded area between q* and q 2 = 9 
hows the lost profit associated with producing at q 2 - 
The MR and MC curves cross at an output of q 0 as well as q*. At q 0/ however, 
profit is dearlv not maximized An increase in output beyond q 0 increases profit 
because marginal cost is well below marginal revenue. We can thus state the 
condition for profit maximization as follows- Marginal revenue equals marginal 
■ os f at a point at which the marginal cost curve is rising. This conclusion is very 
important because it applies to the output decisions of firms in markets that may 
or may not be perfectly competitive. We can restate it as follows: 


Output Rule: If a firm is producing any output at all, it should produce 
level at which marginal revenue equals marginal cost. 


at the 


The 


a Gomipetifi^e F 


ABCD. Any lower output q lr or higher output q 2 , will lead to lower profit. 


Figure 8.3 also shows the competitive firm's short-run profit. The distance AB is 
the difference between price and average cost at the output level q*, which is the 
average profit per unit of output. Segment BC measures the total number of 
units produced. Rectangle ABCD, therefore, is the firm's profit. 

A firm need not always earn a profit in the short run, as Figure 8.4 shows. 
The major difference from Figure 8.3 is a higher fixed cost of production. This 
higher fixed cost raises average total cost but does not change the average variable 
cost and marginal cost curves. At the profit-maximizing output q*, the price P is 
less than average cost. Line segment AB, therefore, measures the average loss 
from production. Likewise, the rectangle ABCD now measures the firm's total loss. 

Why doesn't a firm that earns a loss leave an industry entirely? A firm might 
operate at a loss in the short run because it expects to earn a profit in the future, 
when the price of its product increases or the cost of production falls, and 
because shutting down and starting up again would be costly. In fact, a firm has 
two choices in the short run: It can produce some output, or it can shut down 
production temporarily. It will compare the profitability of producing with the 
profitability of shutting down and choose the preferred outcome. If the price of the 
product is greater than the average economic cost of production, the firm makes a posi- 
tive economic profit by producing. Consequently, it will choose to produce. 

But suppose that the price is less than average total cost, as shown in Figure 
8-4. If it continues to produce, the firm minimizes its losses at output q *. Note 
that in Figure 8.4, because of the presence of fixed costs, average variable cost is 
less than average total cost and the firm is indeed losing money. The firm should 
therefore consider shutting down. If it does, it earns no revenue, but it avoids the 
fixed as well as variable cost of production. If there are no sunk costs so that 
average economic cost is equal to average total cost, the firm should indeed shut 
down. Because there are no sunk costs, it can invest its capital elsewhere or, for 
that matter, reenter the industry if and when economic conditions improve. 

To summarize: When there are no sunk costs, the firm's average total cost is 
e qual to its average economic cost. Thus, the firm should shut down when the price 
°fits product is less than the average total cost at the profit-maximizing output. 



A competitive firm should shut down if price is below ATC. If the firm has sunk 
costs that it amortizes and treats as fixed, it may produce in the shoit run if piice is 


greater than average variable cost. 


Suppose, instead, that the firm has paid a large sunk cost, which it amortizes 
and treats as an ongoing fixed cost, Jn this case, the rectangle CBEF in Figures.-: 
represents a component of total cost that cannot be avoided e\ en if the firm 
shuts down (The firm's capital investment will be of no value if it shuts down.) 
As a result, the firm's average variable cost is now the appropriate measure of 
the firm's average economic cost of production. Therefore, tlw firm should stay in 
business ns long ns the price of its product is greater than its average cm mbit cost of pro- 
duction at the profit-maximizing output 

Note that whether or not the firm has sunk costs, there is one shut-down rue 
that always applies: 


i 


In the short run, the plant should produce 600 tons per day if price is above S1140 per 
ton but less than S1300 per ton. If price is greater than S1300 per ton, it should run an 
overtime shift and produce 900 tons per dav. If price drops below S1140 per ton, the 
firm should stop producing, but it should probably stay in business because the 
price mav rise in the future. 



Shut-Down Rule: The firm should shut down if the price of the product is 1 
than the average economic cost of production at the profit-maximizing outp 


Suppose that the price of aluminum is initially P t = S1250 per ton. In that 
case, the profit-maximizing output is 600 tons; the firm can make a profit above 
its variable cost of S110 per ton by employing workers for two shifts a day. 
Running a third shift would involve overtime, and the price of the aluminum is 
insufficient to make the added production profitable. Suppose, however, that 
the price of aluminum were to increase to P 2 = S1360perton. This price is 
greater than the S1300 marginal cost of the third shift, making it profitable to 
increase output to 900 tons per dav 

Finally, suppose the price drops to only SHOO per ton In this case, the firm 
should stop producing, but it should probably stay in business. By taking this 
step, it could resume producing in the future should the price increase. 



example 8.1 The Short-Run Output Decision 
of an Aluminum Smelting Plant 


H ow should the manager of an aluminum smelting plant determine ® 
plant's profit-maximizing output? Recall from Example / o that the sme 
mg plant's short-run marginal cost of production depends on whethei it isn# 1 
ning two or three shifts per day As shown in Figure 8.5, marginal cost is 
per ton for output levels up to 600 tons per day and Sl.t>00 pet ton foi outp 
levels between 600 and 900 tons per day. 


■ 


example 8.2 Some Cost Considerations for Managers 


T he application of the rule that marginal revenue should equal marginal cost 
depends on a manager's ability to estimate marginal cost. 2 To obtain useful 
measures of cost, managers should keep three guidelines in mind. 

2 ’ 

mis example draw s on the discussion of costs and managerial decision making in Thomas Nagle 
ion Holderi, The Strategy and Tactics of Pi icing, 2 nd ed (Englewood Cliffs, NJ: Prentice-Hall, 
‘“a), ch. 2 
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First, except under limited circumstances, average variable cost should not if 
used as a substitute for marginal cost. When marginal and average cost are near! 
constant, there is little difference between them. However, if both marginal an 
average cost are increasing sharply, the use of average variable cost can be 
leading in deciding how much to produce. Suppose for example, that a com- 
pany has the following cost information: 


Current output 


Materials cost 
Labor cost 


100 units per day, 80 of which are produced 

during the regular shift and 20 of which are 

produced during overtime 

$8 per unit for all output 

$30 per unit for the regular shift; $50 per unit 

for the overtime shift 


i 


Let's calculate average variable cost and marginal cost for the first 80 units o 
output and then see how both cost measures change when we include th 
additional 20 emits produced with overtime labor. For the first SO units, ave 
age variable cost is simply the labor cost ($2400 = $30 per unit X SO unit 
plus the materials cost ($640 = $8 per unit X 80 units) divided by the 
units — ($2400 + $640)/80 = $38 per unit. Because the average variable cost 
the same for each unit of output, the marginal cost is also equal to $38 per 
unit. 

When output increases to 100 units per day, both average variable cost a: 
marginal cost change. Tire variable cost has now increased; it includes the ad 
fional materials cost of $160 (20 units X $8 per emit) and the additional lab 
cost of $1000 (20 units X $50 per unit). Average variable cost is therefore t 
total labor cost plus the materials cost ($2400 + $1000 + $640 + $160) divide 
by the 100 units of output, or $42 per unit. 

What about marginal cost? While the materials cost per unit has remain' 
unchanged at $8 per unit, the marginal cost of labor has now increased hf 
$50 per unit, so that the marginal cost of each unit of overtime output i 
$58 per day. Because the marginal cost is higher than the average variable 
cost, a manager who relies on average variable cost will produce too muc 
output. 

Second, a single item on a firm's accounting ledger may have two components, onl 
one of which involves marginal cost. Suppose, for example, that a manager is try 
ing to cut back production. She reduces the number of hours that som 
employees work and lays off others. But the salary of an employee who is lai 
off may not be an accurate measure of the marginal cost of production when 
cuts are made. Union contracts, for example, often require the firm to pay laid" 
off employees part of their salary. In this case, the marginal cost of increasing 
production is not the same as the savings in marginal cost when production ) 
decreased. Tire savings is the labor cost after the required layoff salary has bee 
subtracted. 

Third, all opportunity costs should be included in determining marginal cos 
Suppose a department store wants to sell children's furniture. Instead of buik 
ing a new selling area, the manager decides to use part of the third floor, whic 
had been used for appliances, for the furniture. The marginal cost of this spat 
is the $90 per square foot per day in profit that would have been earned had the 
store continued to sell appliances there. This opportunity cost measure may! 
much greater than what the store actually paid for that part of the building. 


. 


| 
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These three guidelines can help a manager to measure marginal cost cor- 
rectly. Failure to do so can cause production to be too high or too low and 
thereby reduce profit. 
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Supply Curvi 


\ supply curve for a firm tells us how much output it will produce at every possi- 
ble price. We have seen that competitive firms will increase output to the point 
at which price is equal to marginal cost but will shut down if price is below aver- 
age economic cost. We have also seen that average economic cost is equal to 
average total cost when there are no sunk costs but equal to average variable 
cost when costs treated as fixed are actually amortized sunk costs. Therefore, the 
firm's supply curve is the portion of the marginal cost curve that lies above the average 
economic cost curve. 

Figure 8.6 illustrates the short-run supply curve for the case in which all fixed 
costs are actually amortized sunk costs. In this case, for any P greater than mini- 
mum A VC, the profit-maximizing output can be read directly from the graph. At 


(dollars per 
unit) 


P = AVC 
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Run Supply Curve for a Competitive Firm 


In the short run, the firm chooses its output so that marginal cost MC is equal to price 
as long as the firm covers its average economic cost. When all fixed costs are amor- 
tized sunk costs, the short-run supply curve is given by the crosshatched portion of 
the marginal cost curve. 


In §7.1, we explain that 
economic cost is the cost 
associated with forgone 
opportunities. 
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In §6.3, we explain that 
diminishing marginal returns 
occurs when each additional 
increase in an input results in 
a smaller and smaller increase 
in output. 


a price P u for example, the quantity supplied will be qp and at P 2 , it will be n % 
For P less than (or equal to) minimum AVC, the profit-maximizing output is 
equal to zero. In Figure 8.6 the entire short-run supply curve consists of the 
crosshatched portion of the vertical axis plus the marginal cost curve above the 
point of minimum average variable cost. 

Short-run supply curves for competitive firms slope upward for the same rea- 
son that marginal cost increases — the presence of diminishing marginal returns 
to one or more factors of production. As a result, an increase in the market price 
will induce those firms already hr the market to increase the quantities they pro- 
duce. The higher price makes the additional production profitable and also 
increases the firm's total profit because it applies to all units that the firm 
produces. 


© F 


Bise to an Input Price Change 


When the price of its product changes, the firm changes its output level to 
ensure that marginal cost of production remains equal to price. Often, however, 
the product price changes at the same time that the prices of inputs change. In 
this section we show how the firm's output decision changes in response to a 
change in the price of one of its inputs. 

Figure 8.7 shows a firm's marginal cost curve that is initially given by MC, 
when the firm faces a price of $5 for its product. The firm maximizes profit by 
producing an output of q : . Now suppose the price of one input increases. 
Because it now costs more to produce each unit of output, this increase causes 
the marginal cost curve to shift upward from MQ to MC 2 . The new profit- 
maximizing output is q 2 , at which P = MC 2 . Thus, the higher input price causes 
the firm to reduce its output. 

If the firm had continued to produce q v it would have incurred a loss on the 
last unit of production. In fact, all production beyond q 2 reduces profit. The 
shaded area in the figure gives the total savings to the firm (or equivalently, the 
reduction in lost profit) associated with the reduction in output from q x to q 2 . 



FIGURE 8.7 The Response of a Firm to a Change in Input Price 


When the marginal cost of production for a firm increases (from MQ to MCJ, the 
level of output that maximizes profit falls (from ijj to q 2 ). 





S uppose you are managing an oil refinery that converts crude oil into a par- 
ticular mix of products, including gasoline, jet fuel, and residual fuel oil for 
home heating. Although plenty of crude oil is available, the amount that you 
refine depends on the capacity of the refinery and the cost of production. How 
much should you produce each day? J 

Information about the refinery's marginal cost of production is essential for 
this decision. Figure 8.8 shows the short-run marginal cost curve (SMC). 
Marginal cost increases with output, but in a series of uneven segments rather 
than as a smooth curve. The increase occurs in segments because the refinery 
uses different processing units to turn crude oil into finished products. When a 
particular processing unit reaches capacity, output can be increased only by 
substituting a more expensive process. For example, gasoline cam be produced 
from light crude oils rather inexpensively in a processing unit called a "thermal 
cracker." When this unit becomes full, additional gasoline can still be produced 
(from heavy as well as light crude oil), but only at a higher cost. In the case 



FIGURE 8.8 The Short-Run Production 
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The marginal cost of producing petroleum products from crude oil increases sharply 
at several levels of output as the refinery shifts from one processing unit to another. 
As a result, the output level can be insensitive to some changes in price but very sen- 
sitive to others. 


This example is based on James M. Griffin, "The Process Analysis Alternative to Statistical Cost 
unctions: An Application to Petroleum Refining," American Economic Review 62 (1972): 46-56. The 
numbers have been updated and applied to a particular refinery 
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illustrated by Figure 8.8 the first capacity constraint comes into effect when 
production reaches about 9700 barrels a day. A second capacity constrai 
becomes important when production increases beyond 10,700 barrels a day. 

Deciding how much output to produce now becomes relatively ea 
Suppose that refined products can be sold for S23 per barrel. Because the mar 
ginal cost of production is close to S24 for the first unit of output, no crude 
should be run through the refinery at a price of S23. If, however, price 
between S24 and S25, the refinery should produce 9700 barrels a day (filling the 
thermal cracker). Finally, if the price is above S25, the more expensive refinino 
unit should be used and production expanded toward 10,700 barrels a day. 

Because the cost function rises in steps, you know that your production d 
sions need not change much in response to small changes in price. You will t 
icallv utilize sufficient crude oil to fill the appropriate processing unit unti 
price increases (or decreases) substantially. In that case, you need simply calcu- 
late whether the increased price warrants using an additional, more expensive 
processing unit. 
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Supply curve 


The short-run market supply curve shows the amoimt of output that the industr 
will produce in the short run for every possible price. The industry's output : 
the sum of the quantities supplied by all of its individual firms. Therefore, tf 
market supply curve can be obtained by adding the supply curves of each 
these firms. Figure 8.9 shows how this is done when there are only three firms, 
all of which have different short-run production costs. Each firm's marginal cost 
curve is drawn only for the portion that lies above its average variable cost 
curve. (We have shown orrly three firms to keep the graph simple, but the same 
analysis applies when there are many firms.) 

At any price below P v the industry will produce no output because Pi is the 
minimum average variable cost of the lowest-cost firm. Between Pi and P 2 , only 
firm 3 will produce. The industry supply curve, therefore, will be identical to 
that portion of firm 3's marginal cost curve MC 3 . At price P 2 , the industry supply 
will be the sum of the quantity supplied by all three firms. Firm 1 supplies 
2 units, firm 2 supplies 5 units, and firm 3 supplies 8 units. Industry supply is 
thus 15 units. At price P 3 , firm 1 supplies 4 units, firm 2 supplies / units, and 
firm 3 supplies 10 units; the industry supplies 21 units. Note that the industr 
supply' curve is upward sloping but has a kink at price P 2 , the lowest price a 
which all three firms produce. With many firms in the market, howev er, the kink 
becomes unimportant. Thus we usually draw industry supply as a smooth 
upw ard-sloping curve. 


Unfortunately, finding the industry supply curve is not always as simple 
adding up a set of individual supply' curves. As price rises, all firms in the indu 
try expand their output. This additional output increases the demand tor input'- 
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21 Quantity 


he Short Run 


The short-run industry supply curve is the summation of the supply curves of the individual firms. Because the third 
firm has a lower average variable cost curve than the first two firms, the market supply curve S begins at price P x and 
follows the marginal cost curve of the third firm MC 3 until price equals P 2 , where there is a kink. For P 2 and all prices 
above it, the industry' quantity supplied is the sum of the quantities supplied by each of the three firms. 


to production and mav lead to higher input prices As we saw in Figure 8.7, 
increasing input prices shifts the firms' marginal cost curves upward. For exam- 
ple, an increased demand for beef could also increase demand for corn and soy'- 
beans (which are used to feed cattle) and thereby cause the prices of these crops 
to rise. In turn, the higher input prices would cause firms' marginal cost curves 
to shift upward. This increase lowers each firm's output choice (for any given 
market price) and causes five industry supply curve to be less responsive to 
changes in output price than it would otherwise be. 

The price elasticity of market supply measures the sensitivity of industry out- 
put to market price. Tire elasticity of supply £, is the percentage change in quan- 
tity supplied Q in response to a 1 -percent change in price P: 

E # = (A Q/Q)/(AP/P) 

Because marginal cost curves are upward sloping, the short-run elasticity of sup- 
ply is always positive. When marginal costs increase rapidly in response to 
increases in output, the elasticity of supply is low Firms are then capacity- 
constrained and find it costly to increase output. But when marginal costs 
increase slowly in response to increases in output, supply is relatively elastic; in 
ibis case, a small price increase induces firms to produce much more. 

At one extreme is the case of perfectly inelastic supply, which arises when the 
industry's plant and equipment are so fully' utilized that greater output can be 
achieved only if new plants are built (as they will be in the long run). At the 
other extreme is the case of perfectly elastic supply, which arises when marginal 
costs are constant. 


In §2.3, we define the elastic- 
ity of supply 7 as the percent- 
age change in quantity' sup- 
plied resulting from a 
1-percent increase in price. 
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Chapter 8 Profit Maximization and Competitive Supply 


I n the short run, the shape of the market supply curve for a mineral such a; 

copper depends on how the cost of mining varies within and among the 
world's major producers. Costs of mining, smelting, and refining copper diff er 
because of differences in labor and transportation costs and because of differ 
ences in the copper content of the ore. Table 8.1 summarizes some of the rele- 
vant cost and production data for the nine largest copper-producing nations 4 
These data can be used to plot the world supply curve for copper The sup. 
ply curve is a short-run curve because it takes the existing mines and refineries 
as fixed. Figure 8.10 shows how this curve is constructed for the nine countries 
listed in the table. The complete world supply curve would, of course, incorpo- 
rate data for all copper-producing countries. Note also that the curve in Figure 
8.10 is an approximation The marginal cost number for each country is an 
average for all copper producers in that country. In the United States, for exam- 
ple, some producers have a marginal cost greater than 70 cents and some less. 

The lowest-cost copper is mined in Chile and Russia, where the marginal 
cost of refined copper is about 50 cents per pound." The line segment labeled 
MC c , MC r represents the marginal cost curve for these countries. The curve is 
horizontal until the total capacity to mine and refine copper for these two coun- 
tries is reached. (That point is reached at a production level of about 4 million 
metr ic tons per year.) The line segment MC ; , MC Z describes the marginal cost 
curve for Indonesia and Zambia (where the marginal cost is about 55 cents per 
pound). Likewise, line segment MC. 4 represents the marginal cost curve for 
Australia, and so on. 
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The supply curve for world copper is obtained by summing the marginal cost curves for each of the major copper- 
producing countries. The supply curve slopes upward because the marginal cost of production ranges from a low of 
50 cents in Chile and Russia to a high of 80 cents in Poland. 
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ANNUAL PRODUCTION 

MARGINAL COST 

COUNTRY 

(THOUSAND METRIC TONS ) 

(DOLLARS PER POUND) 

Australia 

600 

0.65 

Canada 

710 

0.75 

Chile 

3,660 

0.50 

Indonesia 

750 

0.55 

Peru 

450 

0.70 

Poland 

420 

0.80 

Russia 

450 

0.50 

United States 

1,850 

0.70 

Zambia 

280 

0.55 



The world supply curve is obtained by summing each nation's supply curve 
horizontally. The slope and the elasticity of the supply curve depend on the 
price of copper. At relatively low prices, such as 50-55 cents per pound, the 
curve is quite elastic because small price increases lead to substantial increases 
in refined copper. But at higher prices — say, above 75 cents per pound — the 
supply curve becomes quite inelastic because at such prices all producers 
would be operating at capacity. 
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4 Our thanks to James Burrows, Michael Loreth, and George Rainville of Charles River Associates, 
Inc, who were kind enough to provide the data The original source of the data is U S. Geological 
Survey, Mineral Commodity Summaries, January 1999. Updated data and related information are 
available on the Web at http://irnnera.ts. nsgs gov/mmeralsTmLw. oif<,mduy/copLfc'7240V>'? s ;! ■ 

D We are presuming that marginal and average costs of production are approximately the same. 


Producer 1 

In Chapter 4, we measured consumer surplus as the difference between the max- 
imum that a person would pay for an item and its market price. An analogous 
concept applies to firms. If marginal cost is rising, the price of the product is 
greater than marginal cost for every unit produced except the last one. As a 
result, firms earn a surplus on all but the last unit of output. The producer sur- 
plus of a firm is the sum over all units produced of the differences between the 
market price of the good and the marginal costs of production. Just as consumer 
surplus measures the area below an individual's demand curve and above the 
market price of the product, producer surplus measures the area above a pro- 
ducer's supply curve and below the market price. 

Figure 8.11 illustrates short-run producer surplus for a firm. The profit- 
maximizing output is q*, where P = MC. The surplus that the producer obtains 
from selling each unit is the difference between the price and the marginal cost 
°f producing the unit. The producer surplus is then the sum of these "unit sur- 
pluses" over all units that the firm produces. It is given by the yellow area under 
the firm's horizontal demand curve and above its marginal cost curve, from zero 
output to the profit-maximizing output q *. 


For a review of consumer 
surplus, see §4.4, where it is 
defined as the difference 
between what a consumer is 
willing to pay for a good and 
what the consumer actually 
pays when buying it. 

producer surplus Sum over 
all units produced by a firm of 
differences between market 
price of a good and marginal 
costs of production. 
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The producer surplus for a firm is measured by the yellow area below the market 
price and above the marginal cost curve, between outputs 0 and if, the profit- 
maximizing output. Alternatively, it is equal to rectangle ABCD because the sum of 
all marginal costs up to q* is equal to the variable costs of producing q*. 
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[ FIGURE 8.12 Producer Surplus for a 

Market | 

The producer surplus for a market is the area below the market price and above the 
market supply curve, between 0 and output Q*. 


When we add the marginal costs of producing each level of output from 0 to 
q*, we find that the sum is the total variable cost of producing i f. Marginal cost ■ 
reflects increments to cost associated with increases in output; because fixed cost 
does not vary with output, the sum of all marginal costs must equal the sum of 
the firm's variable costs. 6 Thus producer surplus can alternatively be defined as 
the difference between the firm's revenue and its total variable cost. In Figure 8.11, pro- 
ducer surplus is also given by the rectangle ABCD, which equals revenue 
(QABq*) minus variable cost (0 DCqf. 

Producer Surplus versus Profit Producer surplus is closely related to 
profit but is not equal to it. In the short run, producer surplus is equal to revenue 
minus variable cost, which is variable profit. Total profit, on the other hand, is 
equal to revenue minus all costs, both variable and fixed; 

Producer surplus = PS = R - VC 

Profit = 77 = R - VC - FC 

It follows that in the short run, when fixed cost is positive, producer surplus is 
greater than profit. 

The extent to which firms enjoy producer surplus depends on their costs or 
production Higher-cost firms have less producer surplus, and lower-cost firms 
have more. By adding up the producer surpluses of all firms, we can determine 
the producer surplus for a market. This can be seen in Figure 8.12. The market 


The area under the marginal cost curve from 0 to ij* is TC (q*) - TC(0) = TC - FC - VC. 


supply curve begins at the vertical axis at a point representing the average vari- 
able cost of the lowest-cost firm in the market. Producer surplus is the area that 
lies below the market price of the product and above the supply curve between 
the output levels 0 and Q*. 
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In the long run, a firm can alter all its inputs, including plant size. It can decide 
to shut down (i.e., to exit the industry) or to begin producing a product for the 
first time (i.e., to enter an industry). Because we are concerned here with compet- 
itive markets, we allow for free entry and free exit. In other words, we are assum- 
ing that firms may enter or exit without any legal restriction or any special costs 
associated with entry. (Recall from Section 8.1 that this is one of the key assump- 
tions underlying perfect competition.) After analyzing the long-run output deci- 
sion of a profit-maximizing firm in a competitive market, we discuss the nature 
of competitive equilibrium in the long run. We also discuss the relationship 
between entry and economic and accounting profits. 


figure 8.13 shows how a competitive firm makes its long-run, profit-maximizing 
output decision. As in the short run, it faces a horizontal demand curve. (In 
figure 8.13 the firm takes the market price of S40 as given.) Its short-run average 
ttotal) cost curve SAC and short-run marginal cost curve SMC are low enough 
tor the firm to make a p>ositive profit, given hv rectangle ABCD, by producing an 
output of q ;, where SMC = P = MR. The long-run average cost curve LAC 
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In §7.4, we explain that econ- 
omies of scale arise when a 
firm can double its output for 
less than twice the cost. 


Dollars per 
unit of 
output 


P = MR 



Output 


The firm maximizes its profit by choosing the output at which price equals long-rui 
marginal cost LMC. In the diagram, the firm increases its profit from ABCD to EFGL 
by increasing its output in the long run. 


1 


reflects the presence of economies of scale up to output level q 2 and diseco 
omies of scale at higher output levels. The long-run marginal cost curve LM 
cuts the long-run average cost from below at q 2 , the point of minimum long-run 


average cost. 


If the firm believes the market price will remain at $40, it will want to increase 
the size of its plant to produce at output q 3 at which its long-run marginal cost 
equals the $40 price. When this expansion is complete, the profit margin wil 
increase from AB to EF, and total profit will increase from ABCD to EFGD 
Output q 3 is profit-maximizing for the firm because at any lower output (say q 2 ) 
the marginal revenue from additional production is greater than the marginal 
cost. Expansion is, therefore, desirable. But at any output greater than q 3 , mar- 
ginal cost is greater than marginal revenue Additional production would there- 
fore reduce profit. In summary, the long-run output of a profit-maximizing competi- 
tive firm is the point at which long-run marginal cost equals the price. 

Note that the higher the market price, the higher the profit that the firm 
earn. Correspondingly, as the price of the product falls from $40 to $30, the pro 
also falls. At a price of $30, the firm's profit-maximizing output is q 2 , the point 
long-run minimum average cost. In this case, because P — ATC, the firm ea: 
zero economic profit. 


jgjj 
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Long-IRyn Competitive Ecgyiliforiym 

For an equilibrium to arise in the long run, certain economic conditions rnusl 
prevail. Firms in the market must have no desire to withdraw at the same time 
that no firms outside the market wish to enter. But what is the exact relationship 
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ie tween profitability, entry, and long-run competitive equilibrium? The answer 
-m he seen by relating economic profit to the incentive to enter and exit a market. 

Accounting Profit and Economic Profit As we saw in Chapter 7, it is 
mportant to distinguish between accounting profit and economic profit. 
Accounting profit is measured by the difference between the firm's revenues 
nd h s cas ^ A° ws for labor, raw materials, and interest plus depreciation 
expenses. Economic profit takes into account opportunity costs. One such 
opportunity cost is the return to the firm's owners if their capital were used else- 
vhere. Suppose, for example, that the firm uses labor and capital inputs; its cap- 
ital equipment has been purchased. Accounting profit will equal revenues R 
minus labor costs zvL, which is positive. However, economic profit — equals rev- 
enues R minus labor cost wL minus the capital cost, rK: 

it = R — wL — rK 

As we explained in Chapter 7, the correct measure of capital cost is the user cost 
of capital, which is the annual return the firm could earn by investing its money 
elsewhere instead of purchasing capital, plus the annual depreciation on the 
capital. 

Zero Economic Profit When a firm goes into a business, it does so in the 
expectation that it will earn a return on its investment. A zero economic profit 
means that the firm is earning a normal — i.e., competitive — return on that 
investment. This normal return, which is part of the user cost of capital, is the 
firm's opportunity cost of using its money to buy capital rather than investing it 
elsewhere. Thus, a firm earning zero economic profit is doing as well by investing its 
money in capital as it could by investing elsewhere — it is earning a competitive 
return on its money. Such a firm, therefore, is performing adequately, and 
should stay in business. (A firm earning a negative economic profit, however, 
should consider going out of business if it does not expect to improve its finan- 
cial picture.) 

As we will see, in competitive markets economic profit becomes zero in the 
long run. Zero economic profit signifies not that firms are performing poorly, 
but rather that the industry is competitive. 

Entry and Exit Figure 8.13 shows how a $40 price induces a firm to increase 
output and realize a positive profit. Because profit is calculated after subtracting 
the opportunity cost of capital, a positive profit means an unusually high return 
on a financial investment, which can be earned by entering a profitable industry. 
This high return causes investors to direct resources away from other industries 
and into this one — there will be entry into the market. Eventually the increased 
production associated with new entry causes the market supply curve to shift to 
the right. As a result, market output increases and the market price of the prod- 
uct falls.' Figure 8.14 illustrates this. In part (b) of the figure, the supply curve 
has shifted from Sj to S 2 , causing the price to fall from P 2 ($40) to P 2 ($30). In part 
(a), which applies to a single firm, ttie long-run average cost curve is tangent to 
the horizontal price line at output q 2 . 


he discuss why the long-run supply curve might be upward sloping in the next section. 


zero economic profit A firm 
is earning a normal return on 
its investment — i.e., it is doing 
as well as it could by investing 
its money elsewhere. 
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Initially the long-run equilibrium price of a product is $40 per unit, as shown in (b) as the intersection of demand 
curve D and supply curve S : . In (a) we see that firms earn positive profits because long-run average cost reaches a 
minimum of $30 (at q 2 ). This positive profit encourages entry' of new firms and causes a shift to the right in tire supply 
curve to S 2 as shown in (a). Tire long-run equilibrium occurs at a price of $30 as shown in (b), where each firm earns 
zero profit and there is no incentive to enter or exit the industry. 



long-run competitive equilib- 
rium All firms in an indus- 
try are maximizing profit, no 
firm has an incentive to enter 
or exit, and price is such that 
quantity supplied equals 
quantity demanded 


When a firm earns zero economic profit, it has no incentive to exit the indus- 
try. Likewise, other firms have no special incentive to enter. A long-run compet- 
itive equilibrium occurs when three conditions hold: 

1. All firms in the industry are maximizing profit. 

2. No firm has an incentive either to enter or exit the industry because all firms 
are earning zero economic profit. 

3. Tire price of the product is such that the quantity' supplied by' the industry' is 
equal to the quantity demanded by' consumers. 

Tire dynamic process that leads to long-run equilibrium creates a puzzle. Firms 
enter the market because they hope to earn a profit, and likewise they' exit because 
of economic losses. In long-run equilibrium, however, firms earn zero economic 
profit. Why does a firm enter a market knowing that it will eventually earn zero 
profit? Tire answer is that zero economic profit represents a competitive return for 
the firm's investment of financial capital. With zero economic profit, the firm has 
no incentive to go elsewhere because it cannot do better financially' by' doing so. If the 
firm happens to enter a market sufficiently' early to enjoy' an economic profit in the 
short run, so much the better. Similarly', if a firm exits an unprofitable market 
quickly', it can save its investors money. Tims the concept of long-run equilibrium tells 
us the direction that firms' behav ior is likely to take. Tire idea of an eventual zero- 
profit, long-run equilibrium should not discourage a manager — it should be seen 
in a positive light, because it reflects the opportunity to earn a competitive return. 
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uilibrium must hold, assume that all firms have identical costs. Now consider 
' A.at happens if too many firms enter the industry in response to an opportunity 
p,- profit, lire industry supply curve in Figure S. 14(b) will shift further to the 
••[edit and P r * ce vv *h thll below 530 — say to S25. At that price, however, firms 
pill lose money As a result, some firms will exit the industry. Firms will con- 
jee to exit until the market supply curve shifts back to S 2 . Only when there is 
n o incentive to exit or enter can a market be in long-run equilibrium. 

FirffiS Having Different Costs Now suppose that all firms in the industry 
do not have identical cost curves. Perhaps one firm has a patent that lets it pro- 
duce at a lower average cost than all other firms. In that case, it is consistent with 
long-run equilibrium for that firm to earn a greater accounting profit and to enjoy 
a higher producer surplus than other firms. As long as other investors and firms 
cannot acquire the patent that lowers costs, they have no incentive to enter the 
industry Conversely, as long as the process is particular to this product and this 
industry the fortunate firm lias no incentive to exit tire industry' 


To see why all the conditions for long-run 


The distinction between accounting profit and economic profit is important 
here. If the patent is profitable, other firms in the industry will pay to use it (or 
attempt to buy' tire entire firm to acquire it) The increased value of the patent thus 
represents an opportunity' cost to the firm that holds it It could sell the rights to the 
patent rather than use it If all firms are equally efficient otherwise, the economic 
profit of the firm falls to zero. However, if the firm with the patent is more effi- 
cient than other firms, then it will be earning a positive profit. But if the patent 
holder is otherwise less efficient, it should sell off the patent and exit the industry. 


The Opportunity Cost of Land There are other instances in which firms 
earning positive accounting profit may be earning zero economic profit. 
Suppose, for example, that a clothing store happens to be located near a large 
shopping center. The additional flow of customers may substantially increase 
the store's accounting profit because the cost of the land is based on its historical 
cost. However, as far as economic profit is concerned, the cost of the land should 
reflect its opportunity' cost, which in this case is the current market value of the 
land. When the opportunity cost of land is included, the profitability' of the 
clothing store is no higher than that of its competitors. 

Thus the condition that economic profit be zero is essential for the market to 
be in long-run equilibrium. By definition, positive economic profit represents an 
opportunity' for investors and an incentive to enter an industry. Positive 
accounting profit, however, may' signal that firms already' in the industry pos- 
sess valuable assets, skills, or ideas, which will not necessarily' encourage entry. 


Economic Kent 

We have seen that some firms earn higher accounting profit than others because 
they have access to factors of production that are in limited supply'; these might in- 
dude land and natural resources, entrepreneurial skill, or other creative talent, ha 
these situations what makes economic profit zero in the long ran is the willingness 
of other firms to use the factors of production that are in limited supply. The pos- 
itive accounting profits are therefore translated into economic rent that is earned 
bv the scarce factors. Economic rent is what firms are willing to pay for an input 
less the minimum amount necessary' to buy' it. ha competitive markets, in both the 
short and the long run, economic rent is often positive even though profit is zero. 


* 
i? y 


economic rent Amount that 
firms are willing to pay for an 
input less the minimum 
amount necessary to obtain it. 
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For example, suppose that two firms in an industry own their land outrigfy. 
thus the minimum cost of obtaining the land is zero. One firm, however, i s * 
located on a river and can ship its products for 510,000 a year less than the other 
firm, which is inland. In this case, the 510,000 higher profit of the first firm is d Ue 
to the $10,000 per year economic rent associated with its river location. The rent 
is created because the land along the river is valuable and other firms would b 
willing to pay for it. Eventually, the competition for this specialized factor o 
production will increase the value of that factor to $10,000. Land rent — the dif- 
ference between 510,000 and the zero cost of obtaining the land — is also $10,000. 
Note that while the economic rent has increased, the economic profit of the firm 
on the river has become zero. 

The presence of economic rent explains why there are some markets in whicf 
firms cannot enter in response to profit opportunities. In those markets, the sup 
ply of one or more inputs is fixed, one or more firms earn economic rents, and all 
firms enjoy zero economic profit. Zero economic profit tells a firm that it should 
remain in a market only if it is at least as efficient in production as other firms.lt 
also tells possible entrants to the market that entry will be profitable only if they 
can produce more efficiently than firms already in the market. 

Producer Surplus in flhe Long Bun 

Suppose that a firm is earning a positive accounting profit but that there is no 
incentive for other firms to enter or exit the industry. This profit must reflect eco- 
nomic rent. How then does rent relate to producer surplus? To begin with, note 
that while economic rent applies to factor inputs, producer surplus applies to 
outputs. Note also that producer surplus measures the difference between the 
market price a producer receives and the marginal cost of production. 11ms, in 
the long run, in a competitive market, the producer surplus that a firm earns on the 
output that it sells consists of the economic rent that it enjoys from all its scarce inputs: 

Let's say, for example, that a baseball team has a franchise allowing it to oper- 
ate in a particular city'. Suppose also that the only' alternative location for the 
team is a city in which the team will generate substantially lower rev enues. The 
team will therefore earn an economic rent associated with its current location. 
This rent will reflect the difference between what the firm would be willing to 
pay' for its current location and the amount needed to locate in the alternative 
city. The firm will also be earning a producer surplus associated with the sale of 
baseball tickets and other franchise items at its current location. 1 his surplus will 
reflect all economic rents, including those rents associated with the firm s othei 
factor inputs (the stadium and the players). 

Figure 8 15 shows that firms earning economic rent earn the same economic 
profit as firms that do not earn rent. Part (a) shows the economic profit of a base- 
ball team located in a moderate-sized city'. The average price of a ticket is S7, and 
costs are such that the team earns zero economic profit. Part (b) shows the piofit 
of a team with the same costs, even though it is located in a larger city Because 
more people want to see baseball games, the latter team can sell tickets for $10 
apiece and therebv earn an accounting profit of $3 on each ticket. However, the 
rent associated with the more desirable location represents a cost to the firm an 
opportunity cost — because it could sell its franchise to another team. As a ies T 
the economic profit in the larger city is also zero. 


s In a noncompetitive market, producer surplus will reflect economic profit as well a- econonu 





In long-run equilibrium, all firms earn zero economic profit. In (a), a baseball team in a moderate-sized city' sells 
enough tickets so that price (S7) is equal to marginal and average cost. In (b), the demand is greater, so a S10 price can 
be charged. Tire team increases sales to the point at which the average cost of production plus the average economic 
rent is equal to the ticket price. When the opportunity' cost associated with owning the franchise is taken into account, 
the team earns zero economic profit 


The Industry's Lone-R 


In our analysis of short-run supply, we first derived the firm's supply curve and 
then showed how the summation of individual firms' supply curves generated a 
market supply curve. We cannot, however, analyze long-run supply in the same 
way: In the long run, firms enter and exit markets as the market price changes. 
This makes it impossible to sum up supplv curves — we do not know which 
firms' supplies to add up to get market totals. 

The shape of the long-run supply curve depends on the extent to which 
increases and decreases in industry output affect the prices that firms must pay 
for inputs into the production process To determine long-run supply, we 
assume all firms have access to the available production technology'. Output is 
increased bv using more inputs, not bv invention. We also assume that the con- 
ditions underlying the market for inputs to production do not change when the 
industry expands or contracts. For example, an increased demand for labor does 
not increase a union's ability to negotiate a better wage contract for its workers. 

In our analysis of long-run supply', it will be useful to distinguish among three 
types of industries: constant-cost , increasing-cost, and decreasing-cost. 

Constant-Cost Industry 

Bgure 8.16 shows the derivation of the long-run supplv curve for a constant- 
c °st industry. A firm's output choice is given in (a), wliile industrv output is shown 
m (b). Assume that the industrv is initiallv in equilibrium at the intersection of 


constant-cost industry 
Industry whose long-run 
supply curve is horizontal. 
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FIGURE 8.16 Long-Run Supply in a Constant-Cost Industry 


In ( b ) the long-run supply curve in a constant-cost industry is a horizontal line S L . When demand increases, initially 
causing a price rise (represented by a move from point A to pomt C), the firm initially increases its output fiom q 1 to 
a , as shown in (a). But tire entry of new firms causes a shift to the right in industry supply. Because input prices are 
unaffected by the increased output of the industry entry occurs until the original price is obtained (at pomt B). 


market demand curve D, and short-run market supply curve S,. Point A at the 
intersection of demand and supply is on the long-run supply curve S, because it 
tells us that the industry will produce Q. units of output when the long-iun equi- 
librium price is P { . 

To obtain other points on the long-run supply curv e, suppose the market 
demand for the product unexpectedly increases (say, because of a leduction in per- 
sonal income taxes) A typical firm is initially producing at an output of q u where P : 
is equal to long-run marginal cost and long-run average cost But because t e 
firm is also in short-run equilibrium, price also equals short-run marginal cost 
Suppose that the tax cut shifts the market demand curve from D, to D : . Demand 
curve intersects supply curve Sj at C. As a result, price increases horn P i to 

Part (a) of Figure 8.16 shows how this price increase affects a typical firm in 
the industry. When the price increases to P 2 , the firm follows its short-run mar- 
ginal cost curve and increases output to q 2 . This output choice maximizes proh 
because it satisfies the condition that price equal short-run marginal cost, 
everv firm responds this way, each will be earning a positive profit in short-run 
equilibrium. This profit will be attractive to investors and will cause existing 
firms to expand operations and new firms to enter the market. 

As a result, in Figure 8.16(b) the short-run supply curve shifts to therigh 
from Sj to S 2 . This shift causes the market to move to a new long-run equili rium 
at the intersection of D 2 and S 2 . For this intersection to be a long-run equilibrium, 
output must expand enough so that firms are earning zero profit and the incei 
tive to enter or exit the industry disappears. . . 

In a constant-cost industry, the additional inputs necessary to produce hig 
output can be purchased without an increase in per-unit price. This might hap- 
pen, for example, if unskilled labor is a major input in production, and the m 
ket wage of unskilled labor is unaffected by the increase in the demand for lab 


n e cause the prices of inputs have not changed, firms' cost curves are also 
changed; the new equilibrium must be at a point such as B in Figure 8.16(b), at 


•hid 1 pri ce i s e T ua ^ to Py the original price before the unexpected increase in 
jetnand occurred. 

j} ie long-run supply curve for a constant-cost industry is, therefore, a horizontal line 
,,1 (i price that is equal to the long-run minimum average cost of production. At any 
higher price, there would be positive profit, increased entry, increased short-run 


supply/ and thus downward pressure on price. Remember that in a constant-cost 
industry, input prices do not change when conditions change in the output rnar- 
r e t Constant-cost industries can have horizontal long-run average cost curves. 


Increi 

In an increasing-cost industry, the prices of some or all inputs to production 


increase as the industry expands and the demand for the inputs grows. This sit- 
uation might arise, for example, if the industry uses skilled labor, which 
becomes in short supply as the demand for it increases. If a firm requires mineral 
resources that are available only on certain types of land, the cost of land as an 
input increases with output. Figure 8.17 shows the derivation of long-run sup- 
ply, which is similar to the previous constant-cost derivation. The industry is ini- 
tially in equilibrium at A in part (b). When the demand curve unexpectedly 
shifts from D] to D 2 , the price of the product increases in the short run to P 2 , and 
industry output increases from Q[ to Q 2 . A typical firm, as shown in part (a), 
increases its output from q l to q 2 in response to the higher price by moving along 
its short-run marginal cost curve. The higher profit earned by this and other 
firms induces new firms to enter the industry. 


increasing-cost industry 
Industry whose long-run sup- 
ply curve is upward sloping. 
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Long-Run Supply in an Increasing-Cost Industry 
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P (b), the long-run supply curve in an increasing-cost industry is an upward-sloping curve S L . When demand 
Wcreases, initially causing a price rise, the firms increase their output from q 1 to q 2 in (a). In that case, tire entry of new 
fens causes a sfuft to tire right in supply. Because input prices increase as a result, the new long-run equilibrium 
occurs at a higher price than tire initial equilibrium. 


i 
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decreasing-cost industry 
Industry whose long-run sup- 
ply curve is downward sloping. 


As new firms enter and output expands, increased demand for inputs causes 
some or all input prices to increase. The short-run market supply curve shifts to 
the right as before, though not as much, and the new equilibrium at B results in a 
price P- that is higher than the initial price Pj. Because the higher input prices 
raise the firms' short-run and long-run cost curves, the higher market price j s 
needed to ensure that firms earn zero profit in long-run equilibrium. Figu re 
8.17(a) illustrates this. The average cost curve shifts up from AC, to AC : , while 
the marginal cost curve shifts to the left from MQ to MCA The new long-ru n 
equilibrium price P 3 is equal to the new minimum average cost. As in the 
constant-cost case, the higher short-run profit caused by the initial increase in 
demand disappears in the long run as firms increase output and input costs rise 
The new equilibrium at B in Figure 8.17(b) is, therefore, on the long-run sup- 
ply curve for the industry. In an increasing-cost industry, the long-run industry sup- 
ply curve is upward sloping. The industry produces more output, but only at the 
higher price needed to compensate for the increase in input costs. The term 
"increasing cost" refers to the upward shift in the firms' long-run av erage cost 
curves, not to the positive slope of the cost curve itself. 


The industry supply curve can also be downward sloping. In this case, the unex- 
pected increase in demand causes industry output to expand as before. But as 
the industry grows larger, it can take advantage of its size to obtain some of its 
inputs more cheaply. For example, a larger industry may allow for an improved 
transportation system or for a better, less expensive financial network. In this 
case, firms' average cost curves shift downward (even though they do not enjoy 
economies of scale), and the market price of the product falls. The lower market 
price and lower average cost of production induce a new long-run equilibrium 
with more firms, more output, and a lower price. Therefore, in a decreasing-cost 
industry, the long-run supply curve for the industry is downward sloping. 

The Effects of a Tax 

In Chapter 6, we saw that a tax on one of a firm's inputs (in the form of an effluent 
fee) creates an incentive for tire firm to change tire way it uses inputs in its production 
process. Now we consider ways in which a firm responds to a tax on its output. To 
simplify the analysis, assume that the firm uses a fixed-proportions production tech- 
nology. If the firm is a polluter, the output tax might encourage the firm to reduce its 
output, and therefore its effluent, or it might be imposed merely to raise revenue. 

First, suppose the output tax is imposed only on this firm and thus does not 
affect the market price of the product. We will see that the tax on output encour- 
ages the firm to reduce its output. Figure 8.18 shows the relevant short-run cost 
curves for a firm enjoying positive economic profit by producing an output offy 
and selling its product at the market price P,. Because the tax is assessed for 
every unit of output, it raises the firm's marginal cost curve from MQ to 
MC 2 = MC, 4- /, where t is the tax per unit of the firm's output. The tax also 
raises the average variable cost curve by the amount t. 

Tire output tax can have two possible effects. If the firm can still earn a positive or 
zero economic profit after the imposition of the tax, it will maximize its profit by 
choosing an output level at which marginal cost plus the tax is equal to the price of 
the product. Its output falls from q ] to q 2 , and the implicit effect of the tax is to shift its 
supply curve upward (by the amount of tire tax). If the finn can no longer earn an eco- 
nomic profit after the tax has been imposed, the firm will choose to exit the market. 
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a Competitive Firm's Output 


An output tax raises the firm's marginal cost curve by the amount of the tax. lire 
firm will reduce its output to the point at which the marginal cost plus the tax is 
equal to the price of the product. 


Now suppose that all firms in the industry are taxed and so have increasing 
marginal costs. Because each firm reduces its output at the current market price, 
the total output supplied by the industry will also fall, causing the price of the 
product to increase. Figure 8.19 illustrates this. An upward shift in the supply 
curve, from to S 2 = Sj + t, causes the market price of the product to increase 
(by less than the amount of the tax) from Pj to P 2 . This increase in price dimin- 
ishes some of the effects that we described previously. Firms will reduce their 
output less than they would without a price increase. 

Finally, output taxes may also encourage some firms (those whose costs are 
somewhat higher than others) to exit the industry. In the process, the tax raises 
the long-run average cost curve for each firm. 

Long-Ryni Elasticity off Supply 

The long-run elasticity of industry supply is defined in the same way as the 
short-run elasticity: It is the percentage change in output (A Q/Q) that results 
from a percentage change in price (A P/P). In a constant-cost industry, the long- 
run supply curve is horizontal, and the long-run supply elasticity is infinitely 
large. (A small increase in price will induce an extremely large increase in out- 
put.) In an increasing-cost industry, howev er, the long-run supply elasticity will 
be positive but finite Because industries can adjust and expand in the long run, 
we would generally expect long-run elasticities of supply to be larger than short- 
run elasticities/ The magnitude of the elasticity will depend on the extent to 

In some cases the opposite is true Consider the elasticity of supply of scrap metal from a durable 
?ood like copper Recall from Chapter 2 that because there is an existing stock of scrap, the long-run 
elasticity of supply will be smaller than the short-run elasticity. 
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An output tax placed on all firms in a competitive market shifts the supply curve f 
the industry upward by the amount of the tax, This shift raises the market price 
the product and lowers the total output of the industry. 


which input costs increase as the market expands. For example, an industry th; 
depends on inputs that are widely available will have a more elastic long-rii 
supply than will an industry that uses inputs in short supply. 



Ipl The Long-Run Supply of Housing 

.. .. 


O wner-occupied and rental housing provide interesting examples of the 
range of possible supply elasticities. People buy or rent housing to obtai 
the services that a house provides — a place to eat and sleep, comfort, and so 
If the price of housing services were to rise in one area of the country, the quan- 
tity of services provided could increase substantially. 

To begin, consider the supply of owner-occupied housing in suburban 
rural areas where land is not scarce. In this case, the price of land does n 
increase substantially as the quantity of housing supplied increases. Likewis 
costs associated with construction are not likely to increase because there is 
national market for lumber and other' materials. Therefore, the long-run elasti 
ity of the housing supply is likely to be very large, approximating a consta 
cost industry. In fact, many studies find the long-run supply curve to be near 
horizontal. 10 

Even when elasticity of supply is measured within urban areas, where la 
costs rise as the demand for housing sendees increases, the long-run elasticit 
of supply is still likely to be large because land costs make up only about on 


10 For a review of the relevant literature, see Dixie M. Blackley, "The Long-Run Elasticity of N 1 
Housing Supply in the United States: Empirical Evidence for 1950 to 1994," Journal of Real Ed 
Finance and Economics 18(1999): 25-42. 
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li ter of total housing costs. In one study of urban housing supply, the price 
elasticity was found to be 5.3. 11 

The market for rental housing is different, however. The construction of 
rental housing is often restricted by local zoning laws. Many communities out- 
law it entirelv, while others limit to it certain areas. Because urban land on which 
ni 0 st rental housing is located is restricted and valuable, the long-run elasticity 
of supply of rental housing is much lower than the elasticity of supply of owner- 
occupied housing. As the price of rental housing services rises, new high-rise 
rental units are built and older units are renovated — a practice that increases the 
quantity of rental services. With urban land becoming more valuable as housing 
density increases, and with the cost of construction soaring with the height of 
buildings, increased demand causes the input costs of rental housing to rise. In 
this increasing-cost case, the elasticity of supply can be much less than 1; in one 
study the authors found the supply elasticity to be between 0.3 and 0.7. 12 



1. Managers can operate in accordance with a complex 
set of objectives and under various constraints. 
However, we can assume that firms act as if they are 
maximizing long-run profit. 

2. Many markets may approximate perfect competition 
in that one or more firms act as if they face a nearly 
horizontal demand curve. In general, the number of 
firms in an industry is not always a good indicator of 
the extent to which that industry is competitive. 

3. Because a firm in a competitive market has a small 
share of total industry output, it makes its output 
choice under the assumption that its production deci- 
sion will have no effect on the price of the product. In 
this case, the demand curve and the marginal revenue 
curve are identical. 

4. In the short run, a competitive firm maximizes its 
profit by choosing an output at which price is equal to 
(short-run) marginal cost. Price must, however, be 
greater than or equal to the firm's minimum average 
variable cost of production. 

5. Tire short-run market supply curve is the horizontal 
summation of the supply curves of the firms in an 
industry. It can be characterized by the elasticity of 
supply: the percentage change in quantity supplied in 
response to a percentage change in price 

6. The producer surplus for a firm is the difference 
between its revenue and the minimum cost that 


would be necessary to produce the profit-maximizing 
output. In both the short run and the long run, pro- 
ducer surplus is the area under the horizontal price 
line and above the marginal cost of production. 

7. Economic rent is the payment for a scarce factor of pro- 
duction less the minimum amount necessary to hire 
that factor. In the long run in a competitive market, 
producer surplus is equal to the economic rent gener- 
ated by all scarce factors of production. 

8. In the long run, profit-maximizing competitive firms 
choose the output at which price is equal to long-run 
marginal cost. 

9. A long-run competitive equilibrium occurs under 
these conditions: (a) when firms maximize profit; (b) 
when all firms earn zero economic profit, so that there 
is no incentive to enter or exit the industry; and (c) 
when the quantity of tire product demanded is equal 
to the quantity supplied. 

10. The long-run supply curve for a firm is horizontal 
when the industry is a constant-cost industry in 
which the increased demand for inputs to production 
(associated with an increased demand for the prod- 
uct) has no effect on the market price of the inputs. 
But the long-run supply curve for a firm is upward 
sloping in an increasing-cost industry, where the 
increased demand for inputs causes the market price 
of some or all inputs to rise. 


See Barton A. Smith, "The Supply of Urban Housing," journal of Political Economy 40, no. 3 (August 
-~6): 389-405. 

See Frank deLeeuw and Nkanta Ekanem, "The Supply of Rental Housing," American Economic 
K&icw 61 (December 1971): 806-17, table 5,2, 
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QUESTIONS F0R REVIEW 


1. Why would a firm that incurs losses choose to pro- 
duce rather than shut down? 

2. The supply curve for a firm in the short run is the 
short-run marginal cost curve (above the point of min- 
imum average variable cost). Why is the supply curve 
in the long run not the long-run marginal cost curve 
(above the point of minimum average total cost)? 

3. In long-run equilibrium, all firms in the industry earn 
zero economic profit. Why is this true? 

4. What is the difference between economic profit and 
producer surplus? 

5. Why do firms enter an industry when they know that 
in the long rum, economic profit will be zero? 

6. At the beginning of the twentieth century, there were 
many small American automobile manufacturers. At 
the end of the century, there are only two large ones. 
Suppose that this situation is not the result of lax fed- 
eral enforcement of antimonopoly laws. How do you 
explain the decrease in the number of manufacturers? 
(Hint: What is the inherent cost structure of the auto- 
mobile industry?) 

7. Because Industry X is characterized by perfect compe- 
tition, every firm is earning zero economic profit. If 
the product price falls, no firms can survive. Do you 
agree or disagree? Discuss, 


8. An increase in the demand for video films also 
increases the salaries of actors and actresses. Is the 
long-run supply curve for films likely to be horizi 
or upward sloping? Explain 

9. True or false: A firm should always produce at an out- 
put at which long-run average cost is minimized. 
Explain. 

10. Can there be constant returns to scale in an industry 
characterized by an upward-sloping supply curve? 
Explain. 

11. What assumptions are necessary for a market to be 
perfectly competitive? In light of what you have 
learned in this chapter, why is each of these assump- 
tions important? 

12. Suppose a competitive industry faces an increase 
in demand (i.e., the curve shifts upward). What are 
the steps by which a competitive market ensures 
increased output? Does your answer change if the 
government imposes a price ceiling? 

13. The government passes a law that allows a substare ■ 

tial subsidy for every acre of land used to grow 
tobacco. How does this program affect the long-run 
supply curve for tobacco? 2Ej 



Using data in Table 8. A on the following page, explain 
what happens to a firm's output choice and profit if 
the price of the product falls from $40 to $35. 

Again, using the data in the table, shov\ r what hap- 
pens to the firm's output choice and profit if the fixed 
cost of production increases from $50 to $100 and then 
to $150. What general conclusion can you reach about 
the effects of fixed costs on output choice? 

Suppose you are the manager of a watchmaking firm 
operating in a competitive market. Your cost of pro- 
duction is given by C = 100 + Q~, where Q is the 
level of output and C is total cost. The marginal cost of 
production is 2 Q. The fixed cost of production is $100. 

a. If the price of watches is $60, how many watches 
should you produce to maximize profit? 

b. What will your profit level be? 

c. At what minimum price will you produce a posi- 
tive output? 

. Use the information in Table 8. A to answer the fol- 


lowing 


a. Derive the firm's short-run supply curve. (Hint: 
You may want to plot the appropriate cost curves.) 


b. If 100 identical firms are in the market, what is the 
industry supply curve? 

5. A sales tax of $1 per unit of output is placed on one 
firm whose product sells for $5 in a competitive 
industry. 

a. How will this tax affect the cost curves for tire firm. 

b. What will happen to price, output, and profit? 

c. Will there be entry or exit? 

6. Suppose that a competitive firm's marginal cost ot 
producing output q is given by MC(ij) = 3 + 2*7 
Assume that the market price of its product is $9. 

a. What level of output will the firm produce? 

b. What is the firm's producer surplus? 

7. Suppose that the average variable cost of the firm 
Exercise 6 is given by AVC(q) = 3 + q. Suppose 
that the firm's fixed costs are known to be $3. Will 
firm be earning a positive, negative, or zero profit 
the short run? 

8. A competitive industry is in long-run equilibrium, 
sales tax is then placed on all firms. What do you exp 1 
to happen to the price of the product, the number 
firms in the industry, and the output of each firm? 
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In §2.7, we explain that under 
price controls, the price of a 
product can be no higher 
than a maximum allowable 
ceiling price. 


For a review of consumer sur- 
plus, see §4.4, where it is 
defined as the difference 
between what a consumer is 
willing to pay for a good and 
what the consumer actually 
pay's when buy'ing it. 


,1 Evaluating the Gains and Losses 


■ 


lothf pnl 


icies — consumer an 


We saw at the end of Chapter 2 that a government-imposed price ceiling cau; 
the quantity of a good demanded to rise (at the lower price, consumers want 
buy more) and the quantity supplied to fall (producers are not willing to supp 
as much at the lower price). The result is a shortage i.e., excess demand. ( 
course, those consumers who can still buy the good will be better off because 
they will now pay less. (Presumably, this was the objective of the policy in 
first place.) But if we also take into account those who cannot obtain the goi 
how much better off are consumers ns a whole? Might they be worse off? And 
we lump consumers and producers together, will their total welfare be greater t 
lower, and by how much? To answer questions such as these, we need a way 
measure the gains and losses from government interventions and the changes: 
market price and quantity that such interventions cause. 

Our method is to calculate the changes in consumer and producer surplus tl 
result from an intervention. In Chapter 4, we saw that consumei surplus measure 
the aggregate net benefit that consumers obtain from a competitive* market.. 
Chapter 8, we saw how producer surplus measures the aggregate net benefit 
producers. Here we will see how consumer and producer surplus can be appli 
in practice. 


1 






Kewiew of Consumer and producer surplus 

In an unregulated, competitive market, consumers and producers buy and 
at the prevailing market price. But remember, for some consumers the value of 
the good exceeds this market price; they would pay more for the good if they had 
to. Consumer surplus is the total benefit or value that consumers receive beyo 
what they pay- for the good. 

For example, suppose the market price is S5 per unit, as in Figure 9.1. So 
consumers probably value this good very highly and would pay much m 
than $5 for it. Consumer A, for example, would pay' up to S10 foi the go 
However, because the market price is only $5, he enjoys a net benefit of §5 
$10 value he places on the good, less the $5 he must pay to obtain it. Consum 
values the good somewhat less highly. She would be willing to pay $7, and thus 
enjoys a S2 net benefit. Finally, Consumer C values the good at exactly the mar- 
ket price, $5. He is indifferent between buying or not buying the good, and if " 
market price were one cent higher, he would forgo the purchase. Consumer 
therefore, obtains no net benefit. 1 

For consumers in the aggregate, consumer surplus is the area between t 
demand curve and the market price (i.e., the yellow-shaded area in Figure 9. 
Because consumer surplus measures the total net benefit to consume) s, we can in 
sure the gain or loss to consumers from a government intervention by meas 
ing the resulting change in consumer surplus. 


5 Of course some consumers value the good at less than S5. These consumers make up the part 
the demand curve to the right of the equilibrium quantity' Q 0 and will not purchase the good. 
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FIGURE 9.1 Consumer and Producer Surplus 


Consumer A would pay S10 for a good whose market price is S5 and therefore 
enjoys a benefit of $5. Consumer B enjoy'S a benefit of $2, and Consumer C, who val- 
ues the good at exactly the market price, enjoys no benefit. Consumer surplus, which 
measures the total benefit to all consumers, is the yellow-shaded area between the 
demand curve and tire market price. Producer surplus measures tire total profits of 
producers, plus rents to factor inputs. It is the green-shaded area between the supply 
cun ; e and tire market price. Together, consumer and producer surplus measure the 
welfare benefit of a competitive market. 


Producer surplus is the analogous measure for producers. Some producers are 
producing units at a cost just equal to the market price. Other units, however, 
could be produced for less than the market price and would still be produced 
and sold even if the market price were lower. Producers, therefore, enjoy' a bene- 
fit — a surplus — from selling those units. For each unit, this surplus is the differ- 
ence between the market price the producer receives and the marginal cost of 
producing this unit. 

For the market as a whole, producer surplus is the area above the supply 
curve up to the market price; this is the benefit that lower-cost producers enjoy by 
selling at the market price. In Figure 9.1 it is the green triangle. And because pro- 
ducer surplus measures the total net benefit to producers, we can measure the 
gain or loss to producers from a government intervention by' measuring the 
resulting change in producer surplus. 

Application) of Consumer and Producer Surplus 

With consumer and producer surplus, we can evaluate the welfare effects of a 
government intervention in the market. We can determine who gains and who 
loses from the intervention, and by 7 how much. To see how this is done, let's 
return to the example of price controls that we first encountered toward the end 


For a review of producer sur- 
plus, see §8.5, where it is 
defined as the sum over all 
units produced of the differ- 
ence between the market 
price of the good and the 
marginal cost of its production. 


welfare effects Gains and 
losses caused by government 
intervention in the market. 
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2 . 


The price of a good has been regulated to be 1 to higher than P nuls , — ■ - ■ ■ -jg 

market-clearing price P () . The gain to consumers is the difference between rectangle 
A and triangle" B The loss to producers is the sum of rectangle A and triangle C. 
Triangles 8 and C together measure the deadweight loss from price controls. 



of Chapter 2. The government makes it illegal for producers to charge more than 
a ceiling price set below the market-clearing level. Recall that by decreasing pro- 
duction and increasing the quantity demanded, such a price ceiling creates a 
shortage (excess demand). 

Figure 9.2 replicates Figure 2.22, except that it also shows the changes in con- 
sumer and producer surplus that result from the government price-control pol- 
icy. Let's go through these changes step by step 

1. Change in Consumer Surplus: Some consumers are worse off as a result of 

the policy, and others are better off. The ones who are worse off are those 

who have been rationed out of the market because of the reduction in pr® 

duction and sales from Q 0 to Q,. Other consumers, however, can still pur- 
chase the good (perhaps because they are in the right place at the right time, 
or are willing to wait in line). These consumers are better off because thei 
can buy the good at a lower price (P n ,, A rather than P 0 ). 

How much better off or worse off is each group? The consumers w 0 c 
still buy the good enjov an increase in consumer surplus, which is given > 
the blue-shaded rectangle A. This rectangle measures the reduction ° P r ^ 
in each unit times the number of units consumers are able to bu\ a ^ 
lower price. On the other hand, those consumers who can no longer 
good lose surplus; their loss is given by the green-shaded triangle B. 15 
angle measures the value to consumers, net of what they tv ould ha\ e 


m 


v that is lost because of the reduction in output from Q 0 to Q,. : The net 
change in consumer surplus is therefore A B. In Figure 9.2, because rec- 
tangle A is larger than triangle B, we know that the net change in consumer 
surplus is positive. 

Change in Producer Surplus: With price controls, some producers (those 
with relatively lower costs) will stay in the market but will receive a lower 
mice for their output, while other producers will leave the market. Both 
croups will lose producer surplus. I hose producers who remain in the mar- 
ket and produce quantity are now receiving a lower price. They have lost 
the producer surplus given by rectangle A. However, total production has 
also dropped. The purple-shaded triangle C measures the additional loss of 
producer surplus for those producers who have left the market and those 
who have stayed in the market but are producing less. Therefore, the total 
change in producer surplus is - A — C. Producers clearly lose as a result of 


price 


controls. 





HGURE 9.3 Effect of Price Controls When Demand Is Inelastic 


If demand is sufficiently inelastic, triangle 8 can be larger than rectangle A. In this 
case, consumers suffer a net loss from price controls. 


are assuming here that those consumers who are able to buy the good are the ones that value it 
‘“° 1 * * * 5 t highiv. If this were not the case, the amount of lost consumer surplus would be larger than tri- 
angle 8. 
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deadweight loss Net loss of 
total (consumer plus pro- 
ducer) surplus. 


3. Deadweight Loss: Is the loss to producers from price controls offset by th e 
gain to consumers? No. As Figure 9.2 shows, price controls result in a net 
loss of total surplus, which we call a deadweight loss. Recall that the change 
in consumer surplus is A - B and the change in producei suiplus is - d ~ p 
The total change in surplus is therefore (.4 - B) - (- A - C) = - B - C.\V e 
thus have a deadweight loss, which is given by the two triangles B and C in 
Figure 9.2. This deadweight loss is an inefficiency caused by price controls; 
the loss in producer surplus exceeds the gain in consumer surplus. 


If politicians value consumer surplus more than producer surplus, this dead- 
weight loss from price controls mav not carry much political weight. However, if 
the demand curve is very inelastic, price controls can result m a net loss of con- 
sumer surplus, as Figure 9.3 shows. In that figure, triangle B, which measures the 
loss to consumers who have been rationed out of the market, is larger than rec- 
tangle A, which measures the gain to consumers able to buy the good Here, con- 
sumers value the good highly, so those who are rationed out suffer a large loss. 

The demand for gasoline is very inelastic in the short run (but much more 
elastic in the long run). During the summer of 1979, gasoline shortages resulted 
from oil price controls that prevented domestic gasoline prices from increasing 
to risincr world levels. Consumers spent hours waiting in line to buy gasoline. 
This was a good example of price controls making consumers the group 
whom the policy was presumably intended to protect worse off. 



Quantity- (Tcf) 



ifn example 2.9 in Chapter 2, we saw that during the 1970s, price controls de- 
lated large shortages of natural gas. Today, producers of natural gas, oil, and 
other fuels are concerned that the government might reimpose controls it prices 
rise sharply- Therefore it is important to be able to evaluate the welfare effects 
of price controls. How much did consumers gain from natural gas price con- 
trols? How much did producers lose? What was the deadweight loss to the 
country? We can answer these questions by calculating the resulting changes in 
consumer and producer surplus. 

Basing our analysis on the numbers for 1975, let's calculate the annual gain 
and losses that resulted from controls. Refer to Example 2.9, where we showed 
that the supply and demand curves can be approximated as fol on s. 

Supply Q'~ = 14-i- 2 P c - O.IdPo 


Demand: 


Q d = — 5P C + 3.75 P 0 


where Q 5 and Q D are the quantities supplied and demanded, each measure 
trillion cubic feet (Tcf), P c is the price of natural gas in dollars P ei ' thouS 
cubic feet (S/mcf), and P a is the price of oil in dollars per banel (. /b). 
can verify by setting Q 5 equal to Q° and using a price of oil of Sb per 1 barre , 
equilibrium free market price and quantity are S2 per met and 0 Tcf, JP 
tively. Under the regulations, however, the maximum allowable price 

per met". , hp f re e 

Figure 9.4 shows these supply and demand curves and compaies 
market and regulated prices. Rectangle ,4 and triangles B and measu 



FIGURE 9.4 Effects of Natural Gas Price Controls 


The market-clearing price of natural gas is S2 per met", and the maximum allow able price is SI. A shortage of 
25 -18=7 Tcf results. Tne gain to consumers is rectangle ,4 minus triangle 6, and the loss to producers is rectangle 
A plus triangle C. 

changes in consumer and producer surplus resulting from price controls. Bv 
calculating the areas of the rectangle and triangles, we can determine the gains 
and losses from controls 

To do the calculations, first note that 1 Tcf is equal to 1 billion rncf (We must 
put the quantities and prices in common units.) Also, by substituting the quan- 
tity 18 Tcf into the equation for the demand curve, we can determine that the 
vertical line at 18 Tcf intersects the demand curve at a price of S2.40 per met 
Then we can calculate the areas as follows: 

A — (18 billion mef) x (SI /rncf ) - SIS billion 
B - (1/2) x (2 billion mef ) x (S0.40/mcf) — SO. 4 billion 
C = (1/2) X (2 billion mef ) < (Sl/mcf) - SI billion 

(The area of a triangle is one-half the product of its altitude and its base.) 

The 1975 change in consumer surplus resulting from price controls was 
therefore A - B = 18 — 0.4 = SI 7 6 billion The change in producer surplus 
was - ,4-C= — IS— 1 = — SI 9 billion And finally, the deadweight loss for 
He year was - B - C= -0 4 - 1 = — $1.4 billion. Remember that this amount 
°f SI .4 billion per year is in 1975 dollars. In veai 2000 dollars, the deadweight 
loss is more than S4 billion per year — a significant loss to society. 
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economic efficiency Maxi- 
mization of aggregate con- 
sumer and producer surplus- 


market failure Situation in 
which an unregulated compet- 
itive market is inefficient 
because prices fail to provide 
proper signals to consumers 
and producers. 


externality Action taken by 
either a producer or a con- 
sumer which affects other pro- 
ducers or consumers but is not 
accounted for by the market 
price. 
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To evaluate a market outcome, we often ask whether it achieves economic effj. 
ciency — the maximization of aggregate consumer and producei suiplus. We just 
saw how price controls create a deadweight loss. The policy therefore imposes 
an efficiency cost on the economy: Taken together, producer and consumer sur- 
plus are reduced by the amount of the deadweight loss. (Of course, this does not 
mean that such a policy is bad; it may' achieve other objectives that policymakers g 
and the public deem important.) 

Market Failure One might think that if the only objective is to achieve eco- 
nomic efficiency 7 , a competitive market is better left alone. This is sometimes, but 
not always, the case. In some situations, a market failure occurs. Because prices 
fail to provide the proper signals to consumers and producers, the unregulated 
competitive market is inefficient — i.e., does not maximize aggregate consumer 
and producer surplus. There are two important instances in which market fail- 
ure can occur. 

1. Externalities: Sometimes the actions of either consumers or pi oducers result 
in either costs or benefits that do not show up as part of the rnaiket price. 
Such costs or benefits are called externalities because they are external to 
the market. One example is the cost to society of environmental pollution by 
a producer of industrial chemicals. Without government interv ention, such 
a producer will have no incentive to consider the social cost of this pollution. 

We examine externalities and the proper government response to them in 
Chapter 18. 

2. Lack of Information: Market failure can also occur when consumers lack 
information about the quality 7 or nature of a product and so cannot make 
utility-maximizing purchasing decisions. Government intervention (e.g., 
requiring "truth in labeling") may then be desirable. The role of information 
is discussed in detail in Chapter 17. 

In the absence of externalities or a lack of information, an uiuegulated com 
petitive market does lead to the economically efficient output le\el To see s < 
let's consider what happens if price is constrained to be something other an 

the equilibrium market-clearing price. , 

We have already 7 examined the effects of a price ceiling (a price held be or\ 
market-clearing price). As you can see in Figure 9.2, production falls (fiom Qo L 
Qj), and there is a corresponding loss of total surplus (the deadw eight loss tnan 
gles B and C). Too little is produced, and consumers and producers in the aggr - 

gate are worse off. ^ ,, 

Now suppose instead that the government required the price to be a Oit 
market-clearing price — say 7 , P 2 instead of P 0 . As Figure 9. a shows, althougip 
ducers would like to produce more at this higher price (Q 2 instead o C2o , 
sumers will now buy less (Q 3 instead of Q 0 ). If we assume that pi oducers]? 
duce only 7 what can be sold, the market output level will be Q 3 , and again, ^ 

is a net loss of total surplus. In Figure 9.5, rectangle A now represents a „ 

from consumers to producers (who now receive a higher price), but tnan D i 



Q- , Quantity 



When price is regulated to be no lower than P 2 , only Q 3 will be demanded. If Q 3 is 
produced, the deadweight loss is given by triangles B and C. At price P 2 , producers 
would like to produce more than Q 3 . If they do, the deadweight loss will be even 
larger. 


and C are again a deadweight loss. Because of the higher price, some consumers 
are no longer buying the good (a loss of consumer surplus given by triangle B), 
and some producers are no longer producing it (a loss of producer surplus given 
by triangle C). 

In fact, the deadweight loss triangles B and C in Figure 9.5 give an optimistic 
assessment of the efficiency cost of policies that force price above market-clearing 
levels. Some producers, enticed by the high price P 2 , might increase their capacity 
and output levels, which would result in unsold output. (This happened in the air- 
line industry' when fares were regulated above market-clearing levels by the Civil 
Aeronautics Board.) Or to satisfv producers, the government might buy up unsold 
output to maintain production at Q : or close to it. (This is what happens in U.S. 
agriculture.) In both cases, the total welfare loss will exceed triangles B and C. 

We will examine minimum prices, price supports, and related policies in 
some detail in the next few sections. Besides showing how supply-demand 
analysis can be used to understand and assess these policies, we will see how 
deviations from the competitive market equilibrium lead to efficiency costs. 
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S hould people have the right to sell parts of their bodies? Congress believes 
the answer is no. In 1984, it passed the National Organ Transplantation Act, 
Which prohibits the sale of organs for transplantation. Organs may 7 only be 
donated. 

Although the law prohibits their sale, it does not make organs valueless, 
kstead, it prevents those who supply organs (living persons or the families of 
the deceased) from reaping their economic value. It also creates a shortage of 


Part 2 Producers, Consumers, and Competitive Markets 


I 


organs. Each year, about S000 kidneys, 20,000 corneas, and 1200 hearts 
transplanted in the United States, but there is considerable excess demand 
these organs, and many potential recipients must do without them. So 
potential recipients die as a result. 

To understand the effects of this law, let's consider the supply and dem 
for kidneys First the supply curve. Even at a price of zero (the effective p 
under the law), donors supply about 8000 kidneys per year But many o 
people who need kidnev transplants cannot obtain them because of a 1 
of donors. It has been estimated that 4000 more kidneys would be supplied 
the price were 520,000. We can fit a linear supply curve to this data— i. e „ 
supply curve of the form Q = a 4- bP. When P = 0, Q — 8000, so a = 8000. 
P = $20,000, Q = 12,000, so b = (12,000 - S000)/20,000 = 0.2. Thus the sup 
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Supph/: Q s = 3000 + 0.2P 

Note that at a price of $20,000, the elasticity 7 of supply 7 is 0.33. 

It is expected that at a price of $20,000, the number of kidney 7 s deman 
would be 12,000 per year. Like supply, demand is relatively price inelast 
reasonable estimate for the elasticity of demand at the $20,000 price is — 0. 
This implies the following linear demand curve: 




Demand: 


Q d = 16,000 - 0.2P 


In §2.6, we explain how to fit 
linear demand and supply 
curves from information 
about the equilibrium price 
and quantity and the price 
elasticities of demand and 
supply. 


These supply 7 and demand curves are plotted in Figure 9.6, which shows 
market-clearing price and quantity 7 of $20,000 and 12,000, respectively 7 

Because the sale of kidneys is prohibited, suppdy 7 is limited to 8000 ( 
number of kidneys that people donate). This constrained supply is showi 
the vertical line S'. How does this affect the welfare of kidney suppliers 
recipients? 

First consider suppliers. Those who provide kidneys fail to teceive t 
$20,000 that each kidney is worth— a loss of surplus represented by rectangl 
and equal to (8000)($20,000) = $160 million. Moreover, some people who wo 
supply kidney 7 s if they 7 were paid do not. These people lose an amount of 
plus represented by 7 triangle C, which is equal to (1/2)(4000)($20,000) — S40 
lion. Therefore the total loss to suppliers is $200 million. 

What about recipients? Presumably 7 the law intended to treat the kidney 
gift to the recipient. In this case, those recipients who obtain kidneys gain 
tangle A ($160 million) because they do not have to pay the 520,000 price. T 
who cannot obtain kidneys lose surplus of an amount given by triangle B 
equal to $40 million. This implies a net increase in the surplus of recipientr 
$160 - $40 = $120 million. It also implies a deadweight loss equal to the a 1 
of triangles B and C (i.e., $80 million). 

These estimates of the welfare effects of the policy may need adjustmen 
two reasons. First, kidney 7 s will not necessarily 7 be allocated to those who ' 
them most highly. If the limited supply of kidneys is partly allocated to peo 
with valuations below $40,000, the true deadweight loss will be higher thane 
estimate. Second, with excess demand, there is no way 7 to ensure that recipe 
will receive their kidneys as gifts. In practice, kidneys are often rationed on 
basis of willingness to pay, and many recipients end up paying all or mos 
the $40,000 price that is needed to clear the market when supply is constrair 
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540,000 



■j 


12,000 Quantity 



e market-clearing price is 520,000; at this price, about 12,000 kidneys per vear 
mid be supplied. Tire act effectively makes the price zero. About 8000 kidneys per 
ar are still donated; this constrained supply 7 is shown as S' . The loss to suppliers is 
en bv rectangle A and triangle C. If consumers received kidnevs at no cost, their 
gain would be given by rectangle A less triangle B. In practice, kidney's are often 
rationed on the basis of willingness to pay 7 , and many recipients pay most or all of the 
540,000 price that clears the market when supply 7 is constrained. Rectangles A and D 
measure the total value of kidneys when supply is constrained. 


to 8000. A good part of the value of the kidneys — rectangles A and D in the fig- 
ure — is then captured by 7 hospitals and middlemen. As a result, the law reduces 
the surplus of recipients as well as of suppliers.' 1 

There are, of course, arguments in favor of prohibiting the sale of organs. 4 
One argument stems from the problem of imperfect information; if people 
receive payment for organs, they may 7 hide adverse information about their 
health histories. This argument is probably most applicable to the sale of blood, 
where there is a possibility of transmitting hepatitis, AIDS, or other viruses. But 




For further analyses of these efficiency costs, see Dwane L Barnev and R. Larry Reynolds, "An 
onomic Analysis of Transplant Organs," Atlantic Economic journal 17 (September 1989): 12-20; 
wid L. Kaserman and A. H Barnett, "An Economic Analysis of Transplant Organs: A Comment 
Extension," Atlantic Economic journal 19 (June 1991): 57-64; and A. Frank Adams III, A. H 
lett, and David L Kaserman, "Markets for Organs: The Question of Supply," Contemporary 
tnomic Policy, 17 (April 1999); 147-55 

For discussions of the strengths and weaknesses of these arguments, see Susan Rose- Ackerman, 
alienability and the Theory of Property Rights," Columbia Law Review 85 (June 1985): 931-69, and 
■°gerD. Blair and David L. Kaserman, "The Economics and Ethics of Alternative Cadaveric Organ 


I 


curement Policies," Yale journal on Regulation 8 (Summer 1991): 403-S2. 
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even here, screening (at a cost that would be included in the market price) may 
be more efficient than prohibiting sales. This issue has been central to the 
debate in the United States over blood policy. 

A second argument is that it is simply unfair to allocate a basic necessity of 
life on the basis of ability to pay. This argument transcends economics. 
However, two points should be kept in mind First, when the pi ice of a good 
that has a significant opportunity cost is forced to zero, there is bound to be 
reduced supply and excess demand. Second, it is not clear why live organs 
should be treated differently from close substitutes; artificial limbs, joints, and 
heart valves, for example, are sold even though real kidneys are not. 

Many complex ethical and economic issues are involved in the sale of 
organs. These issues are important, and this example is not intended to sweep 
them away. Economics, the dismal science, simply shows us that human organs 
have economic value that cannot be ignored, and that prohibiting their sale 
imposes a cost on society that must be weighed against the benefits. 


1 1 -n 


111 


num 


Prices 


As we have seen, government policy sometimes seeks to raise prices above 
market-clearing levels, rather than lower them. Examples include the former 
regulation of the airlines by the Civil Aeronautics Board, the minimum wage 
law, and a variety of agricultural policies. (Most import quotas and taiiffs also 
have this intent, as we will see in Section 9.5.) One way to raise pi ices above 
market-clearing levels is by direct regulation simply make it illegal to charge a 

price lower than a specific minimum level. 

Look a^ain at Figure 9.5. If producers correctly anticipate that they can sell 
only the lower quantity Q„ the net welfare loss will be given by triangles B and C. 
But as we explained, producers might not limit their output to Q 3 VVhat happens 
if producers think they can sell all they want at the higher price and produce 

accordingly? 

This situation is illustrated in Figure 9.7, where P mm denotes a minimum puce 
set by the government. The quantity supplied is now Q : and the quantity 
demanded is Q 3 , the difference representing excess, unsold supply. Now let u> 
follow the resulting changes in consumer and producer suiplus. 

Those consumers who still purchase the good must now pay a higher price 
and so suffer a loss of surplus, which is given by rectangle A in Figure 9.7. Some 
consumers have also dropped out of the market because of the higher price, 
with a corresponding loss of surplus given by triangle B. The total change in 
consumer surplus is therefore 

ACS = - A- B 

Consumers clearlv are worse off as a result of this policy. 

What about producers? They receive a higher price for the units they se ■ 
which results in an increase of surplus, given by rectangle A. (Rectangle A rep 
sents a transfer of money from consumers to producers). But the mop m s< 
from Q 0 to Q, results in a loss of surplus, which is given bv triangle : C. F^., 
consider the cost to producers of expanding production from Q 0 to Q 2 . Bee. - 
they sell only Q 3 , there is no revenue to cover the cost of producing CT 



win 5^ o'- 

producers as a group may be worse off. 



feliiBStoC 


Unemployment 
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Although the market-clearing wage is w 0 , firms are not allowed to pay less than tt> mln . 
This results in unemployment of an amount L 2 — Lj and a deadweight loss given by 
Wangles B and C. 
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How can we measure this cost? Remember that the supply curve is the aggr e . 
gate marginal cost curve for the industry. The supply curve therefore gives ng 
the additional cost of producing each incremental unit. Thus the area under the 
supplv curve from Q 3 to Q 2 is the cost of producing the quantity Q 2 - Q, 
cost is represented by the shaded trapezoid D. So unless producers respond to 
unsold output by cutting production, the total change in producer surplus is 

APS = A - C - D 

Given that trapezoid D can be large, a minimum price can even result in a net 
loss of surplus to producers alone! As a result, this form of government interven- 
tion can reduce producers' profits because of the cost of excess production. 

Another example of a government-imposed price minimum is the minimum 
wage law. The effect of this policy is illustrated in Figure 9.8, which shows the 
supplv and demand for labor. The wage is set at zu min/ a level higher than the 
market-clearing wage w 0 . As a result, those workers who can find jobs obtain a 
higher wage. However, some people who want to work will be unable to. The 
policv results in unemployment, which in the figure is L : - L,. We will examine 
the minimum wage in more detail in Chapter 14. 


3 Airline Regulation 
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B efore 1980, the airline industry in the United States looked very different 
than it does today. Fares and routes were tightly regulated by the Civil 
Aeronautics Board (CAB). The CAB set most fares well above what would have 
prevailed in a free market. It also restricted entry, so that many routes were 
served by onlv one or two airlines. By the late 1970s, however, the CAB liberal- 
ized fare regulation and allowed airlines to serve any routes they wished. By 
1981, the industry had been completely deregulated, and the CAB itself was 
dissolved in 1982. Since that time, many new airlines have begun service, and 
price competition is often intense. 

Many airline executives feared that deregulation would lead to chaos in the 
industrv, with competitive pressure causing sharply reduced profits and even 
bankruptcies. After all, the original rationale for CAB regulation was to provide 
"stability" in an industry that was considered vital to the U.S. economy. And 
one might think that as long as price was held above its market-clearing level, 
profits would be higher than they would be in a free market. 

Deregulation did lead to major changes in the industry'. Some airlines merged 
or went out of business as new ones entered the industry. Although prices fell 
considerably' (to the benefit of consumers), profits overall did not fall much 
because the CAB's minimum prices had caused inefficiencies and artificially 
high costs. The effect of minimum prices is illustrated in Figure 9.9, where P 
and Q 0 are the market-clearing price and quantity, P min is the minimum price set 
bv the CAB, and Qj is the amount demanded at this higher price The problem 
was that at price P mm , airlines wanted to supply a quantity Q 2 , much larger 
than Q,. Although they did not expand output to Q 2 , they did expand it "'ell 
beyond Q. — to Q 3 in the figure — hoping to sell this quantity at the expense o 
competitors. As a result, load factors (the percentage of seats filled) were rela 
tively low, and so were profits. (Trapezoid D measures the cost of unsold output- 


Quantity 


Qi Q3Q0 


Effect of Airline Regulation by the Civil 
.eronauticsBqarch 


At price P min/ airlines would like to supply Q : , well above the quantity Qi that con- 
sumers will buy. Here they supply Q 3 . Trapezoid D is the cost of unsold output. 
Airline profits may have been lower as a result of regulation because triangle C and 
trapezoid D can together exceed rectangle A. In addition, consumers lose A + B. 


Table 9.1 gives some key numbers that illustrate the evolution of the indus- 
try'.' The number of carriers increased dramatically after deregulation, as did 
passenger load factors. The passenger-mile rate (the revenue per passenger- 
mile flown) fell sharply in real (inflation-adjusted) terms from 1980 to 1985, and 
then continued to drop from 1985 to 1996 This decline was the result of 
increased competition and reductions in fares. And what about costs? The real 
cost index indicates that even after adjusting for inflation, costs increased by 
about 20 percent from 1975 to 1980. But this was largely due to the sharp 


TABLE 9.1 Airline Industry Data 








1975 

1980 

1985 

1990 

1995 

1996 

Number of carriers 

33 

72 

86 

60 

86 

96 

Passenger load factor (%) 

54 

59 

61 

62 

67 

69 

Passenger-mile rate (constant 1995 dollars) 

.218 

.210 

.166 

.150 

.129 

.126 

Real cost index (1995 = 100) 

101 

122 

111 

107 

100 

99 

Real cost index corrected for fuel increases 

94 

98 

98 

100 

100 

98 


Department of Commerce, U S Statistical Abstract. 19S6, 19S9, 1992. 1995, 199S 
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price support Price set 
by government above free- 
market level and maintained 
by governmental purchases 
of excess supply. 


increase in fuel costs (caused by the increase in oil prices) that occurred durin 
this period, and had nothing to do with deregulation. Tire last line in Table 9,' 
is the real cost index after adjusting for fuel cost increases. This is what cost 
would have been had oil prices increased only at the rate of inflation. Thi 
index rose only slightly. 

What, then, did airline deregulation do for consumers and producers? As 
new airlines entered the industry and fares went down, consumers benefited. 
This fact is borne out by the increase in consumer surplus given by rectangle a 
and triangle B in Figure 9.9. (Tire actual benefit to consumers was somewhat 
smaller than tins because quality declined as planes became more crowded and 
delays and cancellations multiplied.) As for the airlines, they had to learn to 
live in a more competitive — and therefore more turbulent— environment, and 
some firms did not survive. But overall, airlines became so much more cost- 
efficient that producer surplus may have increased. The total welfare gain fro 
deregulation was positive, and quite large. 0 


L 
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Price Supports 

and Production Quotas 
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Besides imposing a minimum price, the government can increase the price of a 
good in other ways. Much of American agricultural policy is based on a system 
of price supports, whereby the government sets the market price ot a good 
above the tree-market level and buys up whatever output is needed to maintain 
that price. The government can also increase prices by restricting pi eduction, 
either directly or through incentives to producers. In this section, we show how 
these policies work and examine their impact on consumers, produceis, and the 
federal budget. 


In the United States, price supports aim to increase the prices of dairy products, 
tobacco, corn, peanuts, and so on, so that the producers of those goods can 
receive higher incomes. Under a price support program, the go\ ernment sets a 
support price P < and then buvs up whatever output is needed to keep the market 
price at this level. Figure 9.10 illustrates this. Let's examine the resulting gains 
and losses to consumers, producers, and the government. 

Consumers At price P,, the quantity consumers demand falls to Qi, but the 
quantity supplied increases to Q 2 To maintain this price and a\ oid ha\ing 
inventories pile up in producer warehouses, the government must buy the 
quantity Q„ = Q, - Q v In effect, the government adds its demand Q, to the 
demand of consumers, and producers can sell all they want at price P, 

6 Studies of the effects of deregulation include John M Trapani and C Vincent Olson, "An Analysis 
of the Impact of Open Entry on Price and the Quality of Service in the Airline Industry, Krciciw 
Economics and Statistics 64 (February 1982): 118-38: David R Graham, Daniel P Kaplan, and Da'i - 
Sibley, "Efficiency and Competition in the Airline Industry, Bell journal oj Economic ? (S[ ing • 
118-38- S Morrison and Clifford Whinston, The Economic Effects of Airline Deregulation (Washington- 
Brookings Institution, 1986); and Nancv L Rose, "Profitability and Product Quality: Economy 
Determinants of Airiine Safety Performance," journal of Political Economy 98 (October 1990): 944-t^- 


FIGURE 9.10 Price Supports 


To maintain a price P, above the market-clearing price P 0 , the government buys a 
quantity Q, ; . The gain to producers is A + B + D. Tire loss to consumers is A + B. 
The cost to the government is the speckled rectangle, the area of which is 

P ; (Qr - Qi)- 

Those consumers who purchase the good must pay the higher price P s instead 
of P 0 , so they suffer a loss of consumer surplus given by rectangle A. Because of 
tire higher price, other consumers no longer buy the good or buy less of it, and 
their loss of surplus is given by triangle B. So as with the minimum price that we 
examined above, consumers lose, in this case by an amount 

ACS = - A- B 

Producers On the other hand, producers gain (which is why such a policy is 
implemented). Producers are now selling a larger quantity Q; instead of Q 0 , and 
at a higher price P,. Observe from Figure 9.10 that producer surplus increases by 
the amount 

APS = A + B + D 

The Government But there is also a cost to the government (which must be 
paid for by taxes, and so is ultimately a cost to consumers). That cost is 
(Q: ~ Q,)P,, which is what the government must pay for the output it purchases. 
In Figure 9.10, this is the large sp>eckled rectangle. This cost may be reduced if 
the government can "dump" some of its purchases — i.e., sell them abroad at a 
low price. Doing so, however, hurts the ability of domestic producers to sell in 
foreign markets, and it is domestic producers that the government is trying to 
please in the first place. 

What is the total welfare cost of this policy? To find out, we add the change in 
consumer surplus to the change in producer surplus and then subtract the cost 
to the government. Thus the total change in welfare is 

ACS + APS - Cost to Govt, = D - (Q 2 - QJP, 

In terms of Figure 9.10, society as a whole is worse off by an amount given by the 
large speckled rectangle, less triangle D. 



304 Part 2 Producers, Consumers, and Competitive Markets 




As we will see in Example 9.4, this welfare loss can be very large. But the m 0 
unfortunate part of this policy is the fact that there is a much more efficient w- 
to help) farmers. If the objective is to give farmers an additional income equ a ] 

A -r B -f D, it is far less costly to society to giv e them this money directly rath 
than via price supports. Since consumers are losing A 4- B anyway with prj Ce 
supports, by paying farmers directly, society saves the large speckled rectangl 
less triangle D. Then why doesn't the government simply give farmers monei 
Perhaps because price supports are a less obvious giveaway and, thereto 
politically more attractive.' 


a 


Besides entering the market and buying up output — thereby increasing to 
demand — the government can also cause the price of a good to rise by reducl 
supply . It can do this by' decree — that is, by simply' setting quotas on how mu 
each firm can produce. With appropriate quotas, the price can then be forced up 
to any' arbitrary' level. 

This is exactly' how many city governments maintain high taxi fares. Th 
limit total supply' by requiring each taxicab to have a medallion, and then 
the total number of medallions. 8 Another example is the control of liq 
licenses by' state governments. By' requiring any bar or restaurant that sen 
alcohol to have a liquor license and then by' limiting the number of licenses 
entry by new restaurateurs is limited, which allows those who have the licenses 
to earn higher prices and profit margins. 

The welfare effects of production quotas are shown in Figure 9.11. The gov- 
ernment restricts the quantity supplied to Qj, rather than the market-clear 
level Q 0 . Thus the supply curve becomes the vertical line S' at Q t . Consumer sur- 
plus is reduced by' rectangle A (those consumers who buy the good pay a hi 
price) plus triangle B (at this higher price, some consumers no longer purcha; 
the good). Producers gain rectangle A (by selling at a higher price) but lose trian- 
gle C (because they now produce and sell Q t rather than Q 0 ). Once again, there: 
a deadweight loss, given by triangles B and C. 


Incentive Programs In U.S. agricultural policy, output is reduced by' ino 
tives rather than by outright quotas. Acreage limitation programs give farm 
financial incentives to leave some of their acreage idle. Figure 9.11 also sho 
the welfare effects of reducing supply in this way. Note that because farm 
agree to limit the acreage planted, the supply curve again becomes complet 
inelastic at the quantity Q u and the market price is increased from P 0 to P s . 

As with direct production quotas, the change in consumer surplus is 

ACS = -A - B 


•; 


' In practice, price supports for many agricultural commodities are effected through loans. The 1 
rate is in effect a price floor If during the loan period market prices are not sufficiently high, farm 1 
can forfeit their grain to the government (specifically to the Commodity Credit Corporation) as 
payment for the loan- Farmers have the incentive to do this unless the market price rises above the 
port price 

' For example, as of 1995 New York City- had not issued any- new taxi medallions for half a cen 
Only 11,800 taxis were permitted to cruise the city's streets, the same number as in 1937! As a res 
in 1995 a medallion could be sold for about 5120,000. It shouldn't be a surprise, then, that the cr 
taxicab companies have vigorously opposed phasing out medallions in favor of an open svsti 
Washington, D C., has such an open system: An average taxi ride there costs about half of what 
does in New York, and taxis are far more available. 
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Quantity-' 


To maintain a price P, above the market-clearing price P n , the government can 
restrict supply to Q,, either by imposing production quotas (as with taxi cab medal- 
lions) or by giving producers a financial incentive to reduce output (as with acreage 
I limitations). For an incentive to work, it must be at least as large as B + C -i - D, 
which is the additional profit earned by planting, given the higher price P s . The cost 
to the government is therefore at least B + C + D. 


Farmers now receive a higher price for the production Q„ which corresponds to 
a gain in surplus of rectangle A. But because production is reduced from Q 0 to 
Q„ there is a loss ot producer surplus corresponding to triangle C. Finally farm- 
ers receive money from the gov ernment as an incentive to reduce production. 
Tlius, the total change in producer surplus is now 

APS = A - C t Payments for not producing 

The cost to the government is a payment sufficient to give farmers an incen- 
tive to reduce output to Q, That incentive must be at least as large as B f C + D 
because that is the additional profit that could be made by planting, given the 
higher pi ice P_. (Remember that the higher price P, gives farmers an incentive to 
produce more even though the government is trying to get them to produce less.) 
Thus the cost to the government is at least B 4- C + D, and the total change in 
producer surplus is 

APS = A- C + B + CtD=AtB+D 

Ihis is the same change in producer surplus as with price supports main- 
tained by government purchases of output. (Refer to Figure 9.10.) Farmers, then, 
mould be indifferent between the two policies because they end up gaining the 
5ame amount of money from each. Likewise, consumers lose the same amount 
of money. 

Which policy costs the government more? The answer depends on whether 
|he sum of triangles B + C + D in Figure 9.11 is larger or smaller than 
iQr ~ Qi )P f (the large speckled rectangle) in Figure 9.10. Usually it will be 
smaller, so that an acreage limitation program costs the government (and soci- 
e h I less than price supports maintained by government purchases. 
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Still, even an acreage limitation program is more costly to society than simply 
handing the farmers money. The total change in welfare (ACS + APS — Cost to 
Govt.) under the acreage limitation program is 


A Welfare = - A - B 


D— B — C — D= —B — C 


Society would clearlv be better off in efficiency terms if the government 


simply 


gave the farmers A + B -f D, leaving price and output alone. Farmers would 
then gain A + B + D and the government would lose A + B + D, for a total wel- 
fare change of zero, instead of a loss of B + C. However, economic efficiency i s 
not always the objective of government policy. 





example 9.4 Supporting the Price of ' 


I n Examples 2.4 and 4.3, we began to examine the market for wheat in the 
United States. Using linear demand and supply curves, we found that the 
market-clearing price of wheat was about S3 .46 in 1981, but it fell to about $2.65 
by 1998 because of a drop in export demand. In fact, government programs 
kept the actual price of wheat higher and provided direct subsidies to farmers. 
How did these programs work, how much did they end up costing consume 
and how much did they add to the federal deficit? 

First, let us examine the market in 1981. In that year there were no effectiv 
limitations on the production of wheat, but price was increased to $3.70 by gov- 
ernment purchases. How much would the government have had to buy to get 
the price from $3.46 to $3.70? To answer this, first write the equations for sup- 
ply, and for total (domestic plus export) demand- 


II 

B i 

uVw .Ji 


1981 Supply: 
1981 Demand: 


Q s = 1800 4- 240P 
Qn = 3550 - 266P 


! 

m 


By equating supply and demand, you can check that the market-clearing price 
is $3.46, and that the quantity produced is 2630 million bushels. Figure 9.12 
illustrates this. 

To increase the price to $3.70, the government must buy a quantity of wheat 
Q... Total demand (private plus government) will then be 


1981 Total demand: 


Q dt = 3550 - 266P + Q, 


Now equate supply with this total demand: 

1800 + 240 P = 3550 - 266P + Q 


Q g = 506 P — 1750 

This equation can be used to determine the required quantity of government 
wheat purchases Q„ as a function of the desired support price P. To achieve a 
price of $3.70, the government must buy 

Q . = (506)(3.70) - 1750 = 122 million bushels 

Note in Figure 9.12 that these 122 million bushels are the difference between 
the quantity supplied at the $3.70 price (2688 million bushels) and the quantity 
of private demand (2566 million bushels). Tire figure also shows the gains and 
losses to consumers and producers. Recall that consumers lose rectangle A and 
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By buying 122 million bushels of wheat, the government increased the market-clearing price from $3.46 per bushel 
to S3.70. 


triangle B. You can verify that rectangle A is (3.70 - 3. 461(2566) ~ $616 million, 
and triangle B is (l/2)(3.70 — 3.46)(2630 - 2566) = $8 million, so the total cost 
to consumers is $624 million. 

Hie cost to the government is the $3.70 it pays for the wheat times the 122 
million bushels it buys, or $451.4 million. The total cost of the program is then 
S624 4- $451. 4 = $1075 million. Compare this with the gain to producers, 
which is rectangle A plus triangles B and C. You can verify that this gain is $638 
million. 

Price supports for wheat were expensive in 1981. To increase the surplus of 
farmers by $638 million, consumers and taxpayers had to pay $1076 million. Iri 
fact taxpayers paid even more. Wheat producers were also giv en subsidies of 
about 30 cents per bushel, which adds up to another $806 million. 

In 1985 the situation became even worse because of the drop in export 
demand. In that year the supply and demand curves were as follows: 

1985 Supply: Q s = 1800 + 240P 

1985 Demand: Q D = 2580 — 194P 

You can verify that the market-clearing price and quantity were $1.80 and 
$2231 million bushels, respectively. The actual price, however, was $3.20. 

To increase the price to $3.20, the government bought wheat and imposed a 
production quota of about 2425 million bushels. (Farmers who wanted to take 
part in the subsidy program — and most did — had to agree to limit their 
acreage.) Figure 9.13 illustrates this situation. At the quantity 2425 million 
bushels, the supply' curve becomes vertical. Now to determine how much wheat 
Qg the government had to buy, set this quantity of 2425 equal to total demand: 


2425 = 2580 - 194P + Q, 




In 198b the demand for wheat was much lower than in 1981, so tire market-clearing price was only $1 80. To increase 
the price to S3.20, the government bought 466 million bushels and also imposed a production quota of 2425 million 
bushels. 




Q, - - 155 T 194P 

Substituting S3.20 for P, we see that Q,, must be 466 million bushels. This cost 
the government (S3.20)(466) = $1491 million. 

Again, this is not the whole story. The government also provided a subsidy 
of 80 cents per bushel, so that producers again received about $4.00 for their 
wheat. Since 2425 million bushels were produced, that subsidy cost an addi- 
tional S1940 million. In all, U.S. wheat programs cost taxpayers nearly $3.5 bil- 
lion in 1985. Of course, there was also a loss of consumer surplus and a gain of 
producer surplus; you can calculate what they were. 

hi 1996, the U.S. Congress passed a new farm bill, nicknamed the "Freedom 
to Farm" law. It is designed to reduce the role of government and to make agri- 
culture more market oriented. The law eliminates production quotas (for 
wheat, corn, rice, and other products) and gradually reduces government pur- 
chases and subsidies through 2003. However, the law does not completely 
deregulate U.S. agriculture. For example, price support programs for peanut 
and sugar will remain in place. Furthermore, unless Congress renews the law 
in 2003, pre-1996 price supports and production quotas will go back into effect. 
Even under the new law, agricultural subsidies remain substantial. 

In Example 2.4, we saw that the market-clearing price of wheat in 1998 had 
dropped to $2.65 per bushel The supply and demand curves in 1998 were as 
follows: 


i, 

} 

P 


— 


Demand: 

Supply: 


Q d = 3244 - 283 P 
Q s = 1944 + 207P 
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You can check to see that tire market-clearing quantity is 2493 million bushels, 
although the government did not buy any wheat in 1998, it provided a direct 
subsidy to farmers of 66 cents per bushel Thus the total cost to taxpayers of this 
subsidv was more than SI. 6 billion. 

In 1999, Congress expanded subsidies for wheat, soybeans, and corn by 
passing an "emergency" agricultural aid bill. The direct cost to taxpayers of 
these subsidies was estimated at S24 billion, and this sum is expected to grow 
in the vear 2000 and beyond.'' 


niffs 


yianv countries use import quotas and tariffs to keep the domestic price of a 
rroduct above world levels and thereby enable the domestic industry to enjoy 
higher profits than it would under free trade. As we will see, the cost to society 
from this protection can be high, with the loss to consumers exceeding the gain 
to domestic producers. 

Without a quota or tariff, a country will import a good when its world price is 
below the market price that would prevail if there were no imports. Figure 9.14 
shows this. S and D are tire domestic supply and demand curves. If there were 
no imports, tire domestic price and quantity would be P 0 and Q 0 , which equate 
supply and demand. But the world price P :i , is below P 0 , so domestic consumers 
have an incentive to purchase from abroad and will do so if imports are not 
restricted How much will be imported? The domestic price will fall to the world 
price P lL :, at this lower price, domestic production will fall to Q s , and domestic 
consumption will rise to Q d . Imports are then the difference between domestic 
consumption and domestic production, Q d — Q.. 

Now suppose the government, bowing to pressure from the domestic indus- 
try, eliminates imports by imposing a quota of zero — that is, forbidding any 
importation of the good. What are the gains and losses from such a policy? 

With no imports allowed, the domestic price will rise to P 0 . Consumers who 
still purchase the good (in quantity Q 0 ) will pay more and will lose an amount of 
surplus given by trapezoid A and triangle B. Also, given tins higher price, some 
consumers will no longer buy the good, so there is an additional loss of con- 
sumer surplus, given by triangle C. The total change in consumer surplus is 
therefore 


ACS = -A - B - C 

What about producers? Output is now higher (Q 0 instead of Q s ) and is sold a 
a higher price (P 0 instead of P a .). Producer surplus therefore increases by th 
amount of trapezoid A: 


The change in total surplus, ACS + APS, is therefore —B — C. Again, there is a 
deadweight loss — consumers lose more than producers gain. 


It s Raining Farm Subsidies," New York Times, August S, 1999. 


import quota Limit on the 
quantity of a good that can be 
imported. 

tariff Tax on an imported 
good. 
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Imports 


rifforQuota That Elimi nates^mports 


In a free market, the domestic price equals the world price P d .. A total Q ; is c 
sumed, of which Q s is supplied domestically and the rest imported. When irnpo 
are eliminated, the price is increased to P 0 . The gain to producers is trapezoid A. T 
loss to cortsumers is A + B + C, so the deadweight loss is B + C. 



A 


Imports could also be reduced to zero by imposing a sufficiently large tariff. 
The tariff would have to be equal to or greater than the difference between P, 
and P ;i .. With a tariff of this size, there will be no imports and, therefore, no gov- 
ernment revenue from tariff collections, so the effect on consumers and produc- 
ers would be the same as with a quota. 

More often, government policv is designed to reduce but not eliminate 
imports. Again, this can be done with either a tariff or a quota, as Figure 9.15 
shows. Under free trade, the domestic price will equal the world price P a „ and 
imports will be Q, ( - Q s . Now suppose a tariff of T dollars per unit is imposed on 
imports. Then the domestic price will rise to P* (the world price plus the tariff); 
domestic production will rise and domestic consumption will fall. 

hr Figure 9.15, this tariff leads to a change of consumer surplus given by 


| ' 

* :• 


ACS = — A — B — C— D 


m 


The change in producer surplus is again 


APS = A 


m 


Finally, the government will collect revenue in the amount of the tariff times the 
quantity of imports, which is rectangle D. The total change in welfare, ACS plus 
APS plus the revenue to the government, is therefore — A— B — C — D + A~ 
D = - B - C. Triangles B and C again represent the deadweight loss from 


■ 


fl FIGURE 9.15 Import Tariff or Quota (General Case) 


When imports are reduced, the domestic price is increased from P w to P*. This can be 
achieved by a quota, or by a tariff T = P* — P u ,. Trapezoid A is again the gain to 
domestic producers. The loss to consumers is A+BtC + D. Ifa tariff is used, the 
government gains D, the revenue from the tariff, so tire net domestic loss is B + C. If 
a quota is used instead, rectangle D becomes part of the profits of foreign producers, 
and the net domestic loss is B + C + D, 


restricting imports. (B represents the loss from domestic overproduction and C 
the loss from too little consumption.) 

Suppose the government uses a quota instead of a tariff to restrict imports: 
Foreign producers can only ship a specific quantity (Q'd ~ Qi in Figure 9.15) to 
the United States and can then charge the higher price P* for their U.S. sales. The 
changes in U.S. consumer and producer surplus will be the same as with the tar- 
iff, but instead of the U.S. government collecting the revenue given by rectangle 
D, this money will go to the foreign producers as higher profits. The United 
States as a whole will be even worse off than it was under the tariff, losing D as 
well as the deadweight loss B and C. 10 

This is exactly what happened with automobile imports from Japan in the 
1980s. Under pressure from domestic automobile producers, the Reagan admin- 
istration negotiated "voluntary" import restraints, under which the Japanese 
agreed to restrict shipments of cars to the United States. The Japanese could 
therefore sell those cars that were shipped at a price higher than the world level 
and capture a higher profit margin on each one. The United States would have 
been better off by simply imposing a tariff on these imports. 


Alternatively, an import quota can be maintained by rationing imports to U S. importing firms or 
trading companies These middlemen would have the rights to import a fixed amount of the good 
each year. These rights are valuable because the middleman can buy the product on the world mar- 
set at price P ;l , and then sell it at price P* The aggregate value of these rights is, therefore, given by 
rectangle D If the government sells the rights for this amount of money, it can capture the same rev- 
enue it would receive with a tariff. But if these rights are given away as sometimes happens, the 
money becomes a windfall to middlemen 
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T n recent years the world price of sugar has been as low as 4 cents per pound, 
1 . while the United States price has been 20 to 25 cents per pound. Why? By 
restricting imports, the U.S. government protects the S3 billion domestic sugar 
industry, which would virtually be put out of business if it had to compete with 
low-cost foreign producers. This policy has been good for U.S. sugar producers. 
It has even been good for some foreign sugar producers — in particular, those 
whose successful lobbying efforts have given them big shares of the quota. But 
like most policies of this sort, it has been bad for consumers. 

To see just how bad, let's look at the sugar market in 1997. Here are the rele- 
vant data for that year: 


U.S. production: 
U.S. consumption: 
U.S. price: 

World price: 


15.6 billion pounds 

21.1 billion pounds 
21.9 cents per pound 

11.1 cents per pound 


At these prices and quantities, the price elasticity of U.S. supply is 1.5, and the 
price elasticity of U.S. demand is — 0.3. 11 

We will fit linear supply and demand curves to these data, and then use 
them to calculate the effects of the quotas. You can verify that the following U.S. 
supply curve is consistent with a production level of 15.6 billion pounds, a 
price of 22 cents per pound, and a supply elasticity of 1.5: 1 " 

U.S. supply: Q s = -7.83 + 1.07P 

where quantity is measured in billions of pounds and price in cents per pound, 
Similarly, the - 0.3 demand elasticity, together with the data for U.S. consump- 
tion and U.S. price, give the following linear demand curve: 

U.S. demand: Q D = 27.45 - 0.29 P 

These supply and demand curves are plotted in Figure 9.16. At the 11 cent 
world price, HS. production would have been only about 4.0 billion pounds 
and U.S. consumption about 24 billion pounds, most of this imports. But fortu- 
nately for U.S. producers, imports were limited to only 5.5 billion pounds, 
which pushed the U.S. price up to 22 cents. 

What did this cost U.S. consumers? Tire lost consumer surplus is given by 
the sum of trapezoid A, triangles B and C, and rectangle D. You should go 
through the calculations to verify that trapezoid A is equal to $1078 million, tri- 
angle B to $638 million, triangle C to $171 million, and rectangle D to $600 mil- 
lion. Tire total cost to consumers in 1997 was about $2.4 billion. 

How much did producers gain from this policy? Their increase in surplus is 
given by trapezoid A (i.e., about $1 billion). Tire $600 million of rectangle D " a - 


11 These elasticity estimates are based on Morris E. Morkre and David G Tarr, Effect* of Rtsn ictiur 
United States Imports: Five Case Studies and Theory, U.S. Federal Trade Commission Staff Report, jiu 
1981; and F. M. Scherer, "The United States Sugar Program," Kenned)' School of Government c- 
Stud)', Harvard University', 1992. For a general discussion of sugar quotas and other aspects o •- 
agricultural policy, see D Gale Johnson, Agricultural Policy and Tinde (Nets Toik. - e ty , t 
University Press, 1985); and Gail L Cramer and Clarence W Jensen, Agricultural Economic - 
Agribusiness (New York: Wiley, 1985). 

12 See Section 2.6 in Chapter 2 to review the procedure for fitting linear supply and demand function- 
to data of this kind. 


At the world price of 11.1 cents per pound, about 24.2 billion pounds of sugar would have been consumed in the 
United States in 1997, of which all but 4 billion pounds would have been imported. Restricting imports to 5.5 billion 
pounds caused tire U.S. price to go up to 21.9 cents. Tire cost to consumers, A + B + C + D, was about $2.4 billion. 
The gain to domestic producers was trapezoid A, about SI billion. Rectangle D, $600 million, was a gain to those foreign 
producers who obtained quota allotments. Triangles B and C represent the deadweight loss of about $800 million. 


a gain for those foreign producers who succeeded in obtaining large allotments 
of the quota because they received a higher price for their sugar. Triangles B 
and C represent a deadweight loss of about $800 million. 
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Vhat would happen to the price of widgets if the government imposed a SI tax 
,n e verv widget sold? Many people would answer that the price would increase 
T a dollar, with consumers now paying a dollar more per widget than they 


'°uld have paid without the tax. But this answer is wrong 
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specific tax Tax of a certain 
amount of money per unit 
sold. 


Or consider the following question. The government wants to impose - 
50-cerit-per-gallon tax on gasoline and is considering two methods of collecting it 
Under Method 1, the owner of each gas station would deposit the tax money (jq 
cents times the number of gallons sold) in a locked box, to be collected by a g 0v 
eminent agent. Under Method 2 the buyer would pay the tax (50 cents times the 
number of gallons purchased) directly to the government. Which method costs the 
buyer more? Manv people would sav Method 2, but this answer is also wrong. 

The burden of a tax (or the benefit of a subsidy) falls partly on the consumer 
and partly on the producer. Furthermore, it does not matter who puts the money 
in the collection box (or sends the check to the government) — Methods 1 and ' 
above both cost the consumer the same amount of money. As we will see, the share 
of a tax borne by consumers depends on the shapes of the supply and demand 
curves and, in particular, on the relative elasticities of supply and demand. As for 
our first question, a SI tax on widgets would indeed cause the price to rise, but 
usually by less than a dollar and sometimes by much less. To understand why, let's 
use supply and demand curves to see how consumers and producers are affected 
when a tax is imposed on a product, and what happens to price and quantity 

The hffects of a Specific Tax For simplicity we will consider a specific 
tax — a tax of a certain amount of money per unit sold. This is in contrast to amid 
valorem (i.e., proportional) tax, such as a state sales tax. (The analysis of an ad 
valorem tax is roughly the same and yields the same qualitative results.) 
Examples of specific taxes include federal and state taxes on gasoline and 
cigarettes. 

Suppose the government imposes a tax of t cents per unit on widgets Assuming 
that everyone obeys the lav 7 , the government must then receive t cents for even- 
widget sold This means that the price the buyer pays must exceed the net pi ice the seller 
receives In/ 1 cents. Figure 9.17 illustrates this simple accounting relationship — and 
its implications. Here, P 0 and Q 0 represent the market price and quantitv before the 
tax is imposed. P ( , is the price that buvers pay, and P, is the net price that sellers 
receive after the tax is imposed. Note that P c - P, = t, so the government is happy. 

How do we determine what the market quantity will be after the tax is 
imposed, and how much of the tax is borne by buyers and how much by sellers’ 
First, remember that what buyers care about is the price that they must pay: P . 
The amount that they will buy is given bv the demand curve; it is the quantity 
that we read off of the demand curve given a price P (l . Similarly, sellers care 
about the net price they receive, P f . Given P,, the quantity they will produce and 
sell is read off the supply curve. Finallv, we know that the quantity that is sold 
must equal the quantity that is bought. 1 he solution, then, is to find the quantity 
that corresponds to a price of P,-, on the demand curve, and a price of P f on the 
supply curve, such that the difference P ; . - P, is equal to the tax f. In Figure 9.1/ 
this quantity is shown as Q x . 

Who hears the burden of the tax? In Figure 9.17, this burden is shared roughly 
equally by buvers and sellers. The market price (the price buyers pay ) rises by 
half of the tax. And the price that sellers receive falls bv roughly half of the tax. 

As Figure 9.17 shows, four conditions must be satisfied after the tax is in place: 

1. The quantity sold and the buyer's price Pi, must lie on the demand curve 
(because buyers are interested only in the price they must pay). 

2. The quantity sold and the seller's price P, must he on the supply curve 
(because sellers are concerned only with the amount of money they receive 
net of the tax). 


Price 


P;, 



A 

t- 


D 





D 


Quantity 

P t is the price (including the tax) paid by buvers. P, is the price that sellers receive 
ne of the tax. Here the burden of the tax is split about evenly 7 between buyers and 
sellers. Bu\ ers lose A + 6, sellers lose D-fC, and the government earns A f D in 
revenue. The deadweight loss is B + C. 


3. Tire quantity demanded must equal the quantity supplied (Q t in the figure). 

4. The difference between the price the buyer pavs and the price the seller 

receives must equal the tax t. V 

These conditions can be summarized by the following four equations: 

= Q°(Pe) (9.1a) 

^ = WO (9.1b) 

- Q' (9.ic) 

P: ' ■ = f (9. Id) 

thehw WV tHe d f m T d CUrVe Cm) ' the su PP‘y ™rve QfPf, and the size of 
P anil H A f T sohe these equations for the buyers' price P : „ the sellers' price 
.and the total quantity demanded and supplied. This task is not as difficult as 
irmay seem, as we demonstrate in Example 9.6 

J'r, 9 - 17 als ° ShOWS that a tax results in a deadweight loss. Because buyers 
igher puce, there is a change in consumer surplus given by 

•ACS = - A - B 

’EgivenbT reCeiVe * l0 " er pnce - tl,ere is »■“ a ch**, in producer sur- 

APS -- -C - D 
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formula, we can calculate the 




(a) 


(a) If demand is very inelastic relative to supply, tire burden of the tax falls mostly on buyers, (b) If demand is very 
elastic relative to supply, it falls mostly on sellers. 


Government tax revenue is tQ v the sum of rectangles A and D. The total change 
in welfare, ACS plus APS plus the revenue to the government, is therefore 
— A — B - C - D -r A -r D = - B — C. Triangles B and C represent the dead- 
weight loss from the tax. 

In Figure 9.17, the burden of the tax is shared almost evenly between buyers 
and sellers, but this is not always the case. If demand is relatively inelastic and 
supply is relatively elastic, the burden of the tax will fall mostly on buyers. 
Figure 9.18(a) show's why: It takes a relatively large increase in price to reduce 
the quantity' demanded by' even a small amount, whereas only' a small price 
decrease is needed to reduce the quantity' supplied. For example, because ciga- 
rettes are addictive, the elasticity of demand is small (about — 0.3), so federal and 
state cigarette taxes are borne largely by cigarette buyers. Figure 9.18(b) shows 
the opposite case: If demand is relatively elastic and supply is relatively inelas- 
tic, the burden of the tax will fall mostly on sellers. 

So even if w'e have only estimates of the elasticities of demand and supply at 3 
point or for a small range of prices and quantities, instead of the entire demand 
and supply curves, we can still roughly' determine who will bear the greatest 
burden of a tax (whether the tax is actually in effect or is only under discussion 
as a policy option). In general, a tax falls mostly on the buyer if E d /E f is small, ana 
mostly on the seller ifE d /E s is large. 


In fact, by using the follow'ing "pass-through 
percentage of the tax borne by' buy'ers: 

Pass-through fraction = E S /(E < - Ef 

This formula tells us what fraction of the tax is passed through to consumers in 
the form of higher prices. For example, when demand is totally inelastic, so that 
Ei is zero ' the pass-through fraction is 1, and all the tax is borne by' consumers. 
When demand is totally elastic, the pass-through fraction is zero, and producers 
hear all the tax. (Tire fraction of the tax producers bear is given by — £,,/(£. — £ .) ) 

The Effects of a Subsidy 

A subsidy can be analyzed in much the same w'ay as a tax — in fact, y'ou can 
think of a subsidy as a negative tax. With a subsidy, the sellers' price exceeds the 
buyers' price, and the difference between the two is the amount of the subsidy 
As you would expect, the effect of a subsidy' on the quantity produced and con- 
sumed is just the opposite of the effect of a tax— the quantity will increase 
Figure 9.19 illustrates this. At the presubsidy market price P 0 , the elasticities 
of supply and demand are roughly equal. As a result, the benefit of the subsidy 
is shared roughly equally between buyers and sellers. As with a tax, this is not 
always the case. In general, the benefit of a subsidy accrues mostly to buyers ifEJE is 
small and mostly to sellers if E d /EJs large. ' J ‘ s 

As with a tax, given the supply curve, the demand curve, and the size of the 
subsidy s, we can solve for the resulting prices and quantity. The same four con- 
ditions apph for a subsidy' as for a tax, but now the difference between the sell- 
ers price and the buyers' price is equal to the subsidy. Again, we can write these 
conditions algebraically: 

Q° = Q D (P«) (9.2a) 

Q- = QfPf (9.2b) 

Q° = Q b (9.2c) 

P * ~ P i- = s (9. 2d) 



pi? ShfQ & Iteftpy 


1-1 See Daniel A. Sumner and Michael K Wohlgenant, "Effects of an Increase in the Federal Excise Tax 
on Cigarettes," American Journal of Agricultural Economics 67 (May 1985): 235-42 


inthoK ■’ Can u be th ° Ught 0t ' aS a negative tax - Like a tax, benefit of a subsidy is 
demand % 660 bUyerS SeUerS ' de P endin g on the relative elasticities of supply and 


subsidy Payment reducing 
the buyer's price below the 
seller's price; i.e., a negative 
tax. 
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To make sure you understand how to analyze the impact of a tax or subsidy 
you might find it helpful to work through one or two examples, such as Exercise 
2 and 14 at the end of this chapter. 


In §2.5, we explain that 
demand is often more price 
elastic in the long run than in 
the short run because it takes 
time for people to change 
their consumption habits 
and/or because the demand 
for a good might be linked to 
the stock of another good that 
changes slowly. 


For a review of the procedure 
for calculating linear curves, 
see §2.5. Given data for price 
and quantity, as well as esti- 
mates of demand and supply 
elasticities, we can use a two- 
step procedure to solve for 
quantity demanded and 
supplied. 
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T he idea of a large tax on gasoline, both to raise government revenue and to 
reduce oil consumption and U.S. dependence on oil imports, has been dis- 
cussed for many years. Let's see how a 50-cent-per-gallon tax would affect the 
price and consumption of gasoline. 

We will do this analysis in the setting of market conditions during the mid- 
1990s — when gasoline was selling for about §1 per gallon and total con- 
sumption was about 100 billion gallons per year (bg/yr), u We will also use 
intermediate-run elasticities: elasticities that would apply to a period of about 
three to six years after a price change. 

A reasonable number for the intermediate-run elasticity of gasoline demaiid 
is —0.5 (see Example 2.5 in Chapter 2). We can use this elasticity figure, 
together with the $1 and 100 bg/yr price and quantity numbers, to calculate a 
linear demand curve for gasoline. You can verify that the following demand 
curve fits these data: 

Gasoline demand: Q° — 150 — 50P 

M 

Gasoline is refined from crude oil, some of which is produced domestically 
and some imported. (Some gasoline is also imported directly.) The supply 
curve for gasoline will therefore depend on the world price of oil, on domestic 
oil supply, and on the cost of refining. Tire details are beyond the scope of this 
example, but a reasonable number for the elasticity of supply is 0.4. You should 
verify that this elasticity, together with the SI and 100 bg/ yr price and quantity 
gives the following linear supply curve: 

Gasoline supply: Q s = 60 + 40P 

You should also verify that these demand and supply curves imply a market 
price of $1 and quantity of 100 bg/yr. 

We can use these linear demand and supply curves to calculate the effect of a 
50-cent-per-gallon tax. First, we write the four conditions that must hold, as 
given by equations (9.1a-d): 


Q D = 150 - 50P b 
Q s = 60 4- 40P S 

Q D = Q S 
P b - P 5 = 0.50 


(Demand) 

(Supply) 

(Supply must equal demand) 

(Government must receive 50 cents/ gallon) 


Now combine the first three equations to equate supply and demand: 

150 - 50 P ( , = 60 + 40P S 


14 Of course, this price varied across regions and grades of gasoline, but we can ignore this here- 
Quantities of oil and oil products are often measured in barrels; there are 42 gallons in a barrel, so tW 
quantity 7 figure could also be written as 2.4 billion barrels per year 


f 
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V\e can rewrite the last of the four equations as P b - P 
this for P; in the above equation- 

t 150 - 50(P ; + 0.50) = 60 + 40P, 

| Now we can rearrange this equation and solve for P,: 

50P S + 40P. = 150 - 25 - 60 
90 P. = 65, or P, = .72 

Remember that P b = P s + 0.50, so P b = 1.22. Finally, we can determine the 
total quantity from either the demand or supply curve. Using the demand 
curve (and the price P = 1.22), we find that Q - 150 - (50)(1.22) = 150 - 61, 
or Q = 89 bg/yr. This represents an 11 -percent decline in gasoline consump- 
tion. Figure 9.20 illustrates these calculations and the effect of the tax. 

l~he bui den of this tax would be split roughly' evenly between consumers 
and producers. Consumers would pay about 22 cents per gallon more for 
gasoline, and producers would receive about 28 cents per gallon less It 
should not be surprising then, that both consumers and producers opposed 
such a tax, and politicians representing both groups fought the proposal every 
time it came up. But note that the tax would raise significant revenue for the 
government. The annual revenue would be tQ = (0.50)(89) = §44. 5 billion per 
year. K 
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The cost to consumers and producers, however, will be more than the$toJ 
billion in tax revenue. Figure 9.20 shows the deadweight loss from this tax " 
the two shaded triangles. The two rectangles A and D represent the total t a , 
collected by the government, but the total loss of consumer and producer su 
plus is larger. 

Before deciding whether a gasoline tax is desirable, it is important to kriov 
how large the resulting deadweight loss is likely to be. We can easily calculat 
this from Figure 9.20. Combining the two small triangles into one large one, \ v 
see that the area is 

(1/2) X (SO. 50/gallon) X (11 billion ga Hons/ year) 

= $2.75 billion per year 

This deadweight loss is about 6 percent of the government revenue resulting 
from the tax, and must be balanced against any additional benefits that the tax 
might bring. 

O O 



1. Simple models of supply and demand can be used to 
analyze a wide variety of government policies. 
Specific policies that we have examined include price 
controls, minimum prices, price support programs, 
production quotas or incentive programs to limit out- 
put, import tariffs and quotas, and taxes and subsi- 
dies. 

2. In each case, consumer and producer surplus are used 
to evaluate the gains and losses to consumers and 
producers. Applying the methodology to natural gas 
price controls, airline regulation, price supports for 
wheat, and the sugar quota, we found that these gains 
and losses can be quite large. 

3. When government imposes a tax or subsidy, price usu- 
ally does not rise or fall by the full amount of tire tax or 
subsidy. Also, the incidence of a tax or subsidy is usually 
split between producers and consumers. The fraction 
that each group ends up paying or recefring depends 
on tire relative elasticities of supply and demand. 


4. Government intervention generally leads to a dead- 
weight loss; even if consumer surplus and producer 
surplus are weighted equally, there will be a net loss 
from government policies that shifts surplus from one 
group to the other hr some cases this deadweight loss 
will be small, but in other cases — price supports and 
import quotas are examples — it is large. This dead- 
weight loss is a form of economic inefficiency that 
must be taken into account when policies are 
designed and implemented. 

5. Government intervention in a competitive market is 
not always bad. Government— and the society it rep- 
resents— might have objectives other than economic 
efficiency. And there are situations in which govern- 
ment intervention can improve economic efficiency. 
Examples are externalities and cases of market failure. 
These situations, and the way government can re- 
spond to them, are discussed in Chapters 17 and 18. 



1. What is meant by deadweight loss? Why does a price 
ceiling usually result in a deadweight loss? 

2. Suppose the supply curve for a good is completely 
inelastic. If the government imposed a price ceiling 
below the market-clearing level, would a deadweight 
loss result? Explain. 

3. How can a price ceiling make consumers better off? 
Under what conditions might it make them worse off? 


4. Suppose the government regulates the price of a good 
to be no lower than some minimum level. Can such a 
minimum price make producers as a whole worse 
off? Explain 

5. How are production limits used in practice to raise 
the prices of the following goods or services: (a) taxi 
rides, (b) drinks in a restaurant or bar, (c) wheat of 
corn? 


Suppose the government wants to increase farmers' 
incomes. Why do price supports or acreage limitation 
programs cost society more than simply giving farm- 
ers money? 

Suppose the government wants to limit imports of a 
certain good. Is it preferable to use an import quota or 
a tariff? Why? 



i In 1996, the U.S. Congress raised the minimum wage 
from S4.25 per hour to S5.15 per hour. Some people 
suggested that a government subsidy could help 
employers finance the higher wage. This exercise 
examines the economics of a minimum wage and 
wage subsidies. Suppose the supply of low-skilled 
labor is given by 




L s = 10ct> 


where V is the quantity of low-skilled labor (in mil- 
lions of persons employed each year), and w is the 
wage rate (in dollars per hour). The demand for labor 


is given by 


L D = 80 - 10it> 


a. What will the free-market wage rate and employ- 
ment level be? Suppose the government sets a 
minimum wage of S5 per hour How many people 
would then be employed? 

b. Suppose that instead of a minimum wage, the gov- 
ernment pays a subsidy of $1 per hour for each 
employ ee. What will the total level of employment 
be now? What will the equilibrium wage rate be? 

-■ Suppose the market for widgets can be described by 
the following equations: 

Demand: P = 10 - Q 

| Supply: p = q - 4 

where P is the price in dollars per unit and Q is the 

quantity in thousands of units. Then 

a- What is the equilibrium price and quantity? 

b. Suppose the government imposes a tax of $1 per 
unit to reduce widget consumption and raise gov- 
ernment revenues. What will the new equilibrium 
quantity be? What price will the buyer pay? What 
amount per unit will the seller receive? 

c. Suppose the government has a change of heart 
about the importance of widgets to the happiness 
°f the American public. The tax is removed and a 
subsidy of SI per unit granted to widget produc- 
ers. What will the equilibrium quantity be? What 


9. 


sumers Under what conditions will consumers pay 
most of the tax? Under what conditions will produc- 
ers pay most of it? What determines the share of a 
subsidy that benefits consumers? 

Why does a tax create a deadweight loss? What deter- 
mines the size of this loss? 



price will the buyer pay? What amount per unit 
(including the subsidy) will the seller receive? 
What will be the total cost to the government ? 

3. Japanese rice producers have extremely high produc- 
tion costs, in part due to the high opportunity cost of 
land and to their inability to take advantage of 
economies of large-scale production. Analyze two 
policies intended to maintain Japanese rice produc- 
tion: (1) a per-pound subsidy to farmers for each 
pound of rice produced, or (2) a per-pound tariff on 
imported rice. Illustrate with supply-and-demand 
diagrams the equilibrium price and quantity, domes- 
tic rice production, government revenue or deficit, 
and deadweight loss from each policy. Which policy 
is the Japanese government likely to prefer? Which 
policy are Japanese farmers likely to prefer? 

4. In 1983, the Reagan administration introduced a new 
agricultural program called the Payment- in-Kind 
Program. To see how the program worked, let's con- 
sider the wheat market. 

a. Suppose the demand function is Q° = 28 - IP and 
the supply function is Q s = 4 + 4 P, where P is the 
price of wheat in dollars per bushel, and Q is the 
quantity in billions of bushels. Find the free- 
market equilibrium price and quantity. 

b. Now suppose the government wants to lower the 
supply of wheat bv 25 percent from the free-market 
equilibrium by paying farmers to withdraw land 
from production. However, the payment is made 
in wheat rather than in dollars — hence the name of 
the program. The wheat comes from the govern- 
ment's vast reserves that resulted from previous 
price support programs. The amount of wheat 
paid is equal to the amount that could have been 
harvested on the land withdrawn from production. 
Farmers are free to sell this wheat on the market. 
How much is now produced by farmers? How 
much is indirectly supplied to the market by the 
government? What is the new market price? How 
much do farmers gain? Do consumers gain or lose? 

c. Had the government not given the wheat back to 
the farmers, it would have stored or destroyed it. 
Do taxpayers gain from the program? What poten- 
tial problems does the program create? 
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5. About 100 million pounds of jelly beans are con- 
sumed in the United States each year, and the price 
has been about 50 cents per pound However, jelly 
bean producers feel that their incomes are too low 
and have convinced the government that price sup- 
ports are in order. The government will therefore buy 
up as many jelly beans as necessary to keep the price 
at $1 per pound. However, government economists 
are worried about the impact of this program because 
they have no estimates of the elasticities of jelly bean 
demand or supply. 

a. Could this program cost the government more than 
550 million per year? Under what conditions? 
Could it cost less than $50 million per year? Under 
what conditions? Illustrate with a diagram. 

b. Could this program cost consumers (in terms of 
lost consumer surplus) more than $50 million per 
year? Under what conditions? Could it cost con- 
sumers less than $50 million per year? Under what 
conditions? Again, use a diagram to illustrate. 

6. In Exercise 3 of Chapter 2, we examined a vegetable 
fiber traded in a competitive world market and 
imported into the United States at a world price of $9 
per pound. U.S. domestic supply and demand for var- 
ious price levels are shown in the following table. 



U.S. SUPPLY 

U.S. DEMAND 

PRICE 

(MILLION POUNDS) 

(MILLION POUNDS) 

3 

2 

34 

6 

4 

28 

9 

6 

22 

12 

8 

16 

15 

10 

10 

18 

12 

4 


Answer the following about the U.S. market: 

a. Confirm that the demand curve is given by 
Q d = 40 — 2P, and that the supply curve is given 
bv Q s = 2/3P. 

b. Confirm that if there were no restrictions on trade, 
the United States would import 16 million pounds 

c. If the United States imposes a tariff of $9 per pound, 
what will be the U.S. price and level of imports? 
How much revenue will the government earn from 
tlie tariff? How large is tire deadweight loss? 

d. If the United States has no tariff but imposes an 
import quota of 8 million pounds, what will be the 
U.S. domestic price? What is the cost of this quota 
for U.S. consumers of the fiber? What is the gain 
for U.S. producers? 

7. A particular metal is traded in a highly competitive 

world market at a world price of $9 per ounce. 

Unlimited quantities are available for import into the 


United States at this price The supply of this metal 
from domestic U.S. mines and mills can be repre 
sented by the equation Q 5 = 2/3P, where Q s i s pjc 
output in million ounces and P is the domestic price 
The demand for the metal in the United States fr 
Q° = 40 - IP, where Q° is the domestic demand in 
million ounces. 

In recent years the U.S. industry has been pro- 
tected bv a tariff of $9 per ounce. Under pressure from 
other foreign governments, the United States plans to 
reduce this tariff to zero. Threatened bv this change 
the U.S. industry is seeking a Voluntary Restraint 
Agreement that would limit imports into the United 
States to 8 million ounces per year, 

a. Under the 59 tariff, what was the U.S, domestic 
price of the metal? 

b. If the United States eliminates the tariff and the 
Voluntary Restraint Agreement is approved, what 
will be the U S domestic price of the metal? 

8. Among the tax proposals regularly considered by 
Congress is an additional tax on distilled liquors. The 
tax would not apply to beer. The price elasticity of 
supply of liquor is 4.0, and the price elasticity of 
demand is -0 2 The cross-elasticity of demand for 
beer with respect to the price of liquor is 0.1. 

a. If the new tax is imposed, who will bear the greater 
burden — liquor suppliers or liquor consumers? 
Wiry? 

b. Assuming that beer supply is infinitely elastic, 
how will the new tax affect the beer market? 

9. In Example 9.1, we calculated the gains and losses 
from price controls on natural gas and found that 
there was a deadweight loss of 51.4 billion This calcu- 
lation was based on a price of oil of S8 per barrel. If 
the price of oil were $12 per barrel, what would the 
free-market price of gas be? How large a deadweight 
loss would result if the maximum allowable price of 
natural gas were $1.00 per thousand cubic feet? 

10. Example 9.5 describes the effects of the sugar quote. 
In 1997, imports tvere limited to 5.5 billion pounds, 
which pushed the domestic price to 22 cents per 
pound. Suppose imp>orts were expanded to 6.5 billion 
pounds. 

a. What would be the new U.S. domestic price? 

b. How much would consumers gain and domestic 
producers lose? 

c. What would be the effect on deadweight loss and 
foreign producers? 

11. Review Example 9.5 on the sugar quota During the 
mid-1990s, U.S sugar producers became more effi- 
cient, causing the domestic supply' curve to shift t0 
the right. We will examine the implications of this 
shift. Suppose that the supply' curve shifts to the right 
by' 5.5 billion pounds, so that the new supply curvet 5 
given by 

Qs = -2.33 + 1.07P 


a. Show that if the demand curve remains the same 
as in Example 9.5, domestic demand will equal 
domestic supply at a price of 21.9 cents per pound. 
Thus the U.S. price could be maintained at 21.9 
cents with no imports. 

b. Suppose that under pressure from foreign su^ar 

producers, the U.S. government allow's imports of 
2.5 billion pounds and requires domestic produc- 
ers to reduce production by the same amount. 
Draw the supply and demand curves and calculate 
the resulting cost to consumers, the benefit to for- 
eign and domestic producers, and the deadweight 
loss. ° 

12. The domestic supply and demand curves for hula 
beans are as follows: 

Supply: P = 50 + Q 

Demand: P = 200 - 2Q 

where P is the price in cents per pound and Q is the 
quantity in millions of pounds. The U.S. is a small 
producer in the world hula bean market, where the 
current price (which will not be affected by anything 
we do), is 60 cents per pound. Congress is considering 
a tariff of 40 cents per pound. Find the domestic price 
of hula beans that will result if the tariff is imposed. 
Also compute the dollar gain or loss to domestic con- 
sumers, domestic producers, and government rev- 
enue from the tariff. 

13. Currently', the social security payroll tax in the United 
States is evenly divided between employers and 
employees. Employers must pay the government a 


tax of 6.2 percent of the wages they pay, and employ- 
ees must pay 6,2 percent of the wages they receive. 
Suppose the tax were changed so that the employers 
paid the full 12.4 percent, and the employees paid 
nothing. Would employees then be better oft? 

14. You know that if a tax is imposed on a particular 
product, the burden of the tax is shared by' producers 
and consumers. \ou also know that the demand for 
automobiles is characterized by a stock adjustment 
process Suppose a special 20-percent sales tax is sud- 
denly imposed on automobiles. Will the share of the 
tax paid by consumers rise, fall, or stay the same over 
time? Explain briefly. Repeat for a 50-cents-per-gallon 
gasoline tax. 

15. In 1998, Americans smoked 23.5 billion packs of 
cigarettes. They paid an average retail price of $2 per 
pack. 

a. Given that the elasticity of supply is 0.5 and the 
elasticity' of demand is —0.4, derive linear demand 
arid supply curves for cigarettes. 

b. In November 1998, after settling a lawsuit filed 
by 46 states, the three major tobacco companies 
raised the retail price of a pack of cigarettes by' 
45 cents. What is the new equilibrium price and 
quantity? How many fewer packs of cigarettes are 
sold? 

c. Cigarettes are subject to a federal tax, which was 
about 25 cents per pack in 1998, This tax will 
increase by 15 cents in 2002. What will this increase 
do to the market-clearing price and quantity'? 

d. How much of the federal tax will consumers pay'? 
What part will producers pay? 
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PART 3 examines a broad range of markets and explains how 
the pricing, investment, and output decisions of firms depend 
on market structure and the behavior of competitors. 

Chapters 10 and 11 examine market power: the ability to 
affect price, either by a seller or a buyer. We will see how mar- 
ket power arises, how it differs across firms, how it affects the 
welfare of consumers and producers, and how it can be lim- 
ited by government. We will also see how firms can design 
pricing and advertising strategies to take maximum advantage 
of their market power. 

Chapters 12 and 13 deal with markets in which the number 
of firms is limited. We will examine a variety of such markets, 
ranging from monopolistic competition, in which many firms sell 
differentiated products, to cartels, in which a group of firms 
coordinate decisions and act as a monopolist. We are particu- 
larly concerned with markets in which there are only a few 
firms. In these cases, each firm must design its pricing, output, 
and investment strategies while keeping in mind how com- 
petitors are likely to react. We will develop and apply princi- 
ples from game theory to analyze such strategies. 

Chapter 14 shows how markets for factor inputs, such as 
labor and raw materials, operate. We will examine the firm's 
input decisions and show how those decisions depend on the 
structure of the input market. Chapter 15 then focuses on capi- 
tal investment decisions. We will see how a firm can value the 
profits it expects an investment to yield in the future, and then 
compare this value with the cost of the investment to deter- 
miire whether the investment is worthwhile. 
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PART 3 examines a broad range of markets and explains how 
the pricing, investment, and output decisions of firms depend 
on market structure and the behavior of competitors. 

Chapters 10 and 11 examine market power: the ability to 
affect price, either by a seller or a buyer. We will see how mar- 
ket power arises, how it differs across firms, how it affects the 
welfare of consumers and producers, and how it can be lim- 
ited by government. We will also see how firms can design 
pricing and advertising strategies to take maximum advantage 
of their market power. 

Chapters 12 and 13 deal with markets in which the number 
of firms is limited. We will examine a variety of such markets, 
ranging from monopolistic competition, in which many firms sell 
differentiated products, to cartels, in which a group of firms 
coordinate decisions and act as a monopolist. We are particu- 
larly concerned with markets in which there are only a few 
firms. In these cases, each firm must design its pricing, output, 
and investment strategies while keeping in mind how com- 
petitors are likely to react. We will develop and apply princi- 
ples from game theory to analyze such strategies. 

Chapter 14 shows how markets for factor inputs, such as 
labor and raw materials, operate. We will examine the firm's 
input decisions and show how those decisions depend on the 
structure of the input market. Chapter 15 then focuses on capi- 
tal investment decisions. We will see how a firm can value the 
profits it expects an investment to yield in the future, and then 
compare this value with the cost of the investment to deter- 
mine whether the investment is worthwhile. 
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Tn a perfectly competitive market, the large number of sellers 
-land buyers of a good ensures that no single seller or buyer 
can affect its price. The market forces of supply and demand 
determine price. Individual firms take the market price as a 
given in deciding how much to produce and sell, and con- 
sumers take it as a given in deciding how much to buy. 

Monopoly and monopsony, the subjects of this chapter, are the 
polar opposites of perfect competition. A monopoly is a mar- 
ket that has only one seller but many buyers. A monospony is 
just the opposite: a market with many sellers but only one 
buyer. Monopoly and monopsony are closely related, which is 
why we cover them in the same chapter. 

First we discuss the behavior of a monopolist. Because a 
monopolist is the sole producer of a product, the demand 
curve that it faces is the market demand curve. This market 
demand curve relates the price that the monopolist receives to 
the quantity it offers for sale. We will see how a monopolist 
can take advantage of its control over price and how the profit- 
maximizing price and quantity differ from what would prevail 
in a competitive market. 

In general, the monopolist's quantity will be lower and its 
price higher than the competitive quantity and price. This 
imposes a cost on society because fewer consumers buy the 
product, and those who do pay more for it. This is why 
antitrust laws exist which forbid firms from monopolizing 
most markets. When economies of scale make monopoly 
desirable — for example, with local electric power companies— 
we will see how the government can then increase efficiency 
by regulating the monopolist’s price. 

Pure monopoly is rare, but in many markets only a few firms 
compete with each other. The interactions of firms in such 
markets can be complicated and often involve aspects of 
strategic gaming, a topic covered in Chapters 12 and 13. In any 
case, the firms may be able to affect price and may find it prof- 
itable to charge a price higher than marginal cost. These firms 
have monopoly power. We will discuss the determinants of 
monopoly power, its measurement, and its implications for 
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monopoly Market with only 
one seller. 

monopsony Market with 
only one buyer. 


art 3 Market Structure and Competitive Strategy 

Next we will turn to monopsony. Unlike a competitive buyer, a monopsony 
pays a price that depends on the quantity that it purchases. The monopsony 
problem is to choose the quantity that maximizes its net benefit from thep Ur . 
chase- the value derived from the good less the money paid tor it. By showing 
how the choice is made, we will demonstrate the close parallel between monop. 

sonv and monopoly . , , 

Although pure monopsony is also unusual, many markets have only a fey,- 

buyers who can purchase the good for less than they would pay in a competitive 
market These buyers have monopsony power. Typically, this situation occurs* 
markets for inputs to production. For example, General Motors, the largest L S 
car manufacturer, has monopsony power in the markets tor tires, car batteries, , 
and other parts. We will discuss the determinants of monopsony power, ^mea- 
surement, and its implications foi pi icing. 

Monopoly and monopsony power are two forms of market power: the abil- 
ity— of either a seller or a buyer-to affect the price of a good. Because sellers or 
buyers have at least some market power (in most real-world markets), we need 
to understand how market power works and how' it atfects producers and 

consumers. 


3'<! Tthl! fiVXubifril lAti'TQHSK- 


market power Ability of a 
seller or buyer to affect the 
price of a good. 


PRICE (P) 


QUANTITY (Q) 


TOTAL 

REVENUE (R) 


MARGINAL 
REVENUE (MR) 


AVERAGE 
REVENUE (AR) 


S6 

0 

SO 

— 

— 

5~~ 

1 

5 

$5 

$5 

4 

2 

8 

3 

4 

3 

3 

9 

1 

3 

2 

4 

8 

-1 

2 

1 

5 

5 

-3 

1 


10.1 Monopoly 



t 


As the sole producer of a product, a monopolist is in a unique position. If the 
monopolist decides to raise the price of the product, it need not worry about 
competitors who, by charging lower prices, would capture a larger share of the 
market at the monopolist's expense. The monopolist is the market and com- 
pletely controls the amount of output offered for sale. 

But this does not mean that the monopolist can charge any price it wants-a 
least not if its objective is to maximize profit. This textbook is a case in pornt 
Prentice Hall, Inc , owns the copyright and is, therefore, a monopoly producer f 
“ok Then why doesn't it sell the book tor S500 a copy’ Because few pcrople 
would buy it, and Prentice Hall would earn a much lower profit 

To maximize profit, the monopolist must first determine its costs . and ta 
characteristics ol market demand. Knowledge of demand and cos ts ^crucri 
a firm's economic decis.on making. Given this knowledge, the mo .nopohst tm - 
then decide how much to produce and sell. The pr.ce per unit that 
list receives then follows directly from the market demand curve. Equ ate « 
the monopolist can determine price, and the quantity it will sett at ■ p 
lows from the market demand curve. 


J 

1 


! 


Average Reweswie 


amd SVlargSnaS [Revenue 


The monopolist's average revenue-the price it receives P er uni ‘ 
marginal revenue Change m dse , (he market demand curve. To choose its profit-maximizm 0 o tp 

the monopolist also needs to know its marginal revenue, the change in 


1 The courts use the term "monopoly power" to mean significant 


sufficient to JZZ ^ ^ 


gogic reasons we use "monopoly power" differently, to mean 
whether substantial or not. 


and sustainable 

part of 


that results from a unit change in output. To see the relationship among total, 
average, and marginal revenue, consider a firm facing the following demand 
curve: 

P = 6~Q 

Table 10.1 shows the behavior of total, average, and marginal revenue for this 
demand curve. Note that revenue is zero when the price is $6: At that price, 
nothing is sold. At a price of $5, however, one unit is sold, so total (and marginal) 
revenue is $5. An increase in quantity sold from 1 to 2 increases revenue from $5 
to S8; marginal revenue is thus $3. As quantity sold increases from 2 to 3, mar- 
ginal revenue falls to $1, and when it increases from 3 to 4, marginal revenue 
becomes negative. When marginal revenue is positive, revenue is increasing 
with quantity, but when marginal revenue is negative, revenue is decreasing. 

When the demand curve is downward sloping, the price (average revenue) is 
greater than marginal revenue because all units are sold at the same price. If 
sales are to increase by 1 unit, the price must fall. In that case, all units sold, not 
just the additional unit, will earn less revenue. Note, for example, what happens 
in Table 10.1 when output is increased from 1 to 2 units and price is reduced to 
$4. Marginal revenue is S3: $4 (tire revenue from the sale of the additional unit of 
output) less SI (the loss of revenue from selling the first unit for S4 instead of $5). 
Thus, marginal revenue (S3) is less than price (S4). 

Figure 10.1 plots average and marginal revenue for the data in Table 10.1. Our 
demand curve is a straight line, and in this case, the marginal revenue curve has 
twice the slope of the demand curve (and the same intercept). 2 

The iV5 q on ©p© Best's ©utpyt D erosion 

"hat quantity should the monopolist produce? In Chapter 8, we saw that to 
maximize profit, a firm must set output so that marginal revenue is equal to 
marginal cost. This is the solution to the monopolist's problem. In Figure 10.2, 
the market demand curve D is the monopolist's average revenue curve. It speci- 
fies the price per unit that the monopolist receives as a function of its output 
level. Also shown are the corresponding marginal revenue curve MR and the 



k * *he demand curve is written so that price is a function of quantity; P = a — bQ, total revenue is 
If® by PQ = aQ — bQ 2 . Marginal revenue (using calculus) is d(PQ)/dQ = a - 2 bQ. In this exam- 
|J5, demand is P = 6 - Q and marginal revenue is MR = 6 — 2Q. (This holds only for small changes 
-Qand therefore does not exactly match the data in Table 10.1.) 


In §8.2, we explain that mar- 
ginal revenue is a measure of 
how much revenue increases 
when output increases by one 
unit. 


In §7.2, we explain that mar- 
ginal cost is the change in 
variable cost associated with 
a one-unit increase in output. 
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average and marginal cost curves, AC and MC Marginal revenue and marginal 
- oS t are equal at quantity Q*. Then from the demand curve, we find the price P* 
that corresponds to this quantity Q*. 

How can we be sure that Q* is the profit-maximizing quantity? Suppose the 
monopolist produces a smaller quantity Q, and receives the corresponding 
higher price P, As Figure 10.2 shows, marginal revenue would then exceed mar- 
ginal cost. In that case, if the monopolist produced a little more than Q,, it would 
:: receive extra profit (MR - MC) and thereby increase its total profit, hr fact, the 
monopolist could keep increasing output, adding more to its total profit until 
; output Q*, at which point the incremental profit earned from producing one 
more unit is zero. So the smaller quantity Q, is not profit maximizing, even 
though it allows the monopolist to charge a higher price. If the monopolist pro- 
duced Qi instead of Q*, its total profit would be smaller by an amount equal to 
die shaded area below the MR curve and above the MC curve, between Q, and Q*. 

In Figure 10.2, the larger quantity Q 2 is likewise not profit maximizing. At this 
quantity, marginal cost exceeds marginal revenue. Therefore, if the monopolist 
produced a little less than Q ; , it would increase its total profit (by MC - MR). It 
could increase its profit even more by reducing output all the way to Q* The 
increased profit achieved by producing Q* instead of Q-, is given by the area 
below the MC curve and above the MR curve, between Q*~and Q,. 

We can also see algebraically that Q* maximizes profit. Profit"^ is the differ- 
ence between revenue and cost, both of which depend on Q: 

<Q) = R(Q) ~ C(Q) 

As Q is increased from zero, profit will increase until it reaches a maximum and 
then begin to decrease. Thus the profit-maximizing Q is such that the incremen- 
tal profit resulting from a small increase in Q is just zero (i.e., Att/AQ = 0). Then 

Att/AQ = AR/AQ - AC/AQ = 0 

Init AR/AQ is marginal revenue and AC/AQ is marginal cost. Thus the profit- 
maximizing condition is that MR - MC = 0, or MR = MC. 

An Example 

T° grasp this result more clearly, let's look at an example. Suppose the cost of 
production is 

C(Q) = 50 + Qr 

in other words, there is a fixed cost of S50, and variable cost is Q 2 Suppose 
demand is given by 


P(Q) = 40 - Q 


} setting marginal revenue equal to marginal cost, you can verify that profit is 
maximized when Q = 10, an output level that corresponds to a price of $30. 3 


PJQ ?= C «2)/Q = 50 /Q + Q and marginal cost is AC/AQ = 2Q. Revenue is 

eaaeenJw “ 40Q r Q ~' 50 mar S mal revenue is MR = AR/AQ = 40 - 2 Q. Setting marginal rev- 
e equal to marginal cost gives 40 - 2Q = 2Q, or Q = 10. 
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Cost, revenue, and profit are plotted in Figure 10.3(a). When the firm p- 
duces little or no output, profit is negative because of the fixed cost. p rc 
increases as Q increases, reaching a maximum of $150 at Q * = 10, and t| 
decreases as Q is increased further. And at the point of maximum piofit, | 
slopes of the revenue and cost curves are the same. (Note that the tangent lij 



Part (a) shows total revenue R, total cost C, and profit, tire difference between 
two. Part (b) shows average and marginal revenue and average and marginal c 
Marginal revenue is the slope of the total revenue curve, and marginal cost is 
slope of the total cost curve. The profit-maximizing output is Q* = 10, the pc 
where marginal revenue equals marginal cost. At this output level, tire slope o 
profit curve is zero, and the slopes of the total revenue and total cost curves 
equal. Tire profit per unit is $15, tire difference between average revenue and aver 
cost. Because 10 units are produced, total profit is $150. __ 
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and cc' are parallel-) The slope of the revenue curve is AR/AQ, or marginal 
•enue, and the slope of the cost curve is AC/AQ, or marginal cost. Because 
rfit is maximized when marginal revenue equals marginal cost, the slopes are 

Figure 10.3(b) shows both the corresponding average and marginal revenue 
rV g S an d average and marginal cost curves. Marginal revenue and marginal 
st intersect at Q* = 10. At this quantity, average cost is $15 per emit and price 
530 per unit. Thus average profit is $30 — $15 = $15 per unit. Because 10 units 
", so id, profit is (10)($15) = $150, the area of the shaded rectangle. 


Ryle of Thumb for Pricing 

a know that price and output should be chosen so that marginal revenue 
equals marginal cost, but how can the manager of a firm find the correct price 
rnd output level in practice? Most managers have only' limited knowledge of the 
average and marginal revenue curves that their firms face. Similarly, they might 
brow the firm's marginal cost only' over a limited output range. We therefore 
want to translate the condition that marginal revenue should equal marginal 
■ostinto a rule of thumb that can be more easily applied in practice. 

To do this, we first rewrite the expression for marginal revenue: 


1 


MR = 


A R = A (PQ) 
A Q A Q 


ote that the extra revenue from an incremental emit of quantity, A(PQ)/AQ, has 
o components: 

1. Producing one extra unit and selling it at price P brings in revenue 
(1)(P) = P. 

2. But because the firm faces a downward-sloping demand curve, producing 
and selling this extra unit also results in a small drop in price AP/AQ, 
which reduces the revenue from all units sold (i.e,, a change in revenue 
Q[AP/AQ]). 




A P /QN/AP 

MR = P + Q = P + P — 

AQ VPAAQ 


e obtained the expression on the right by taking the term Q(AP/AQ) and multi- 
ying and dividing it by P. Recall that the elasticity of demand is defined as 
(P/Q)(AQ/AP). Thus (Q/P)(AP/AQ) is the reciprocal of the elasticity of 
mand, 1/E rf , measured at the profit-maximizing output, and 


1 


MR = P + P(l/E,,) 


ow / because the firm's objective is to maximize profit, we can set marginal rev- 
ue equal to marginal cost: 


P + P(l/E,i) = MC 
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— — MC -r f 

D = AR 
— —MC 


Slutting the demand curve shows that a monopolistic market has no supply curve — i.e., there is no one-to-one rela- 
tionship between price and quantity produced. In (a), the demand curve shifts to new demand curve D 2 . But the 
new marginal revenue curve MR 2 intersects marginal cost at the same point that the old marginal revenue curve Iv 
did. The profit-maximizing output therefore remains the same, although price falls from P, to P 2 . In (b), the new m 
ginal revenue curve MR 2 intersects marginal cost at a higher output level Q 2 . But because demand is now more el; 
tic, price remains the same. 


With a tax t per unit, the firm's effective marginal cost is increased by the amount t to 
MC + f. In tlnis example, the increase in price IP is larger than tire tax f. 




In §8.2, we explain that a firm 
maximizes its profit by choos- 
ing the output at which mar- 
ginal revenue is equal to mar- 
ginal cost. 


Analyzing the effect of a tax on a monopolist is straightforward. Suppose a 
specific tax of t dollars per unit is levied, so that the monopolist must remit f dol- 
lars to the government for every unit it sells. Therefore, the firm's marginal (and 
average) cost is increased by the amount of the tax t. If MC was the firm's origi- 
nal marginal cost, its optimal production decision is now given by 

MR = MC + t 

Graphically, we shift the marginal cost curve upward by an amount f, and 
find the new intersection with marginal revenue. Figure 10.5 shows this. Hei 
and P a are the quantity and price before the tax is imposed, and Q, and P 1 are 
quantity and price after the tax. 

Shifting the marginal cost curve upward results in a smaller quantity a 
higher price. Sometimes price increases by less than the tax, but not always 
Figure 10.5, price increases by more than the tax. This would be impossible 
competitive market, but it can happen with a monopolist because the relaho 
ship between price and marginal cost depends on the elasticity of deman 
Suppose, for example, that a monopolist faces a constant elasticity derna: 
curve, with elasticity - 2, and has constant marginal cost MC. Equation (10 
then tells us that price will equal twice marginal cost. With a tax f, marginal C 
increases to MC + t, so price increases to 2(MC + f) = 2MC + 2 f; that is, it ri 
by twice the amount of the tax. (However, the monopolist's profit nonethel 
falls with the tax.) 



*The MyStSplant Form 

We have seen that a firm maximizes profit by setting output at a level where mar- 
ginal revenue equals marginal cost. For many firms, production takes place in 
two or more different plants whose operating costs can differ. However, the logic 
used in choosing output levels is very similar to that for the single-plant firm. 

Suppose a firm has two plants. What should its total output be, and how 
much of that output should each plant produce? We can find the answer intu- 
itively in two steps. 

0 Step 1. Whatever the total output, it should be divided between the two plants 
so that marginal cost is the same in each plant. Otherwise, the firm could reduce its 
costs and increase its profit by reallocating production. For example, if marginal 
cost at Plant 1 were higher than at Plant 2, the firm could produce the same out- 
put at a lower total cost by producing less at Plant 1 and more at Plant 2. 

B Step 2. We know that total output must be such that marginal revenue equals 
marginal cost. Otherwise, the firm could increase its profit by raising or lowering 
total output. For example, suppose marginal costs were the same at each plant, 
but marginal revenue exceeded marginal cost. In that case, the firm would do 
better by producing more at both plants because the revenue earned from the 
additional units would exceed the cost. Since marginal costs must be the same 
at each plant, and marginal revenue must equal marginal cost, we see that 
profit is maximized when marginal revenue equals marginal cost at each plant. 

Ve can also derive this result algebraically. Let Q 1 and Q be the output and 
ost of production for Plant 1, Q 2 and C 2 be the output and cost of production for 
an t 2, and Q T = Qj T Q 2 be total output. Then profit is 

tt = PQ r - C^Qj) - C 2 (Q 2 ) 
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The firm should increase output from each plant until the incremental p rofi{ 
from the last unit produced is zero. Start by setting incremental piofit from out- 
put at Plant 1 to zero: 


Att 

AQr 


A(PQr) AC, 


AQr 


AQr 


= 0 


Here A(PQ r )/AQ,_ is the revenue from producing and selling one more unit, i, e . ; 
marginal revenue, MR, for all of the firm's output. The next teim, AQ/AQ^ j s 
marginal cost at Plant 1, MC,. We thus have MR — MC, — 0, or 

MR = MCr 

Similarly, we can set incremental profit from output at Plant 2 to zero, j 

MR = MC 2 

these relations together, we see that the firm should produce so that 


Putting 


MR = MCr = MC 2 


(10.3) 


Figure 10.6 illustrates this principle for a firm with two plants MC, and MC; 
are the marginal cost curves for the two plants. (Note that Plant 1 has higher 
marginal costs than Plant 2.) Also shown is a curve labeled MC T . This ’.s the 
firm's total marginal cost and is obtained by horizontally summing MC, a|id| 


tQ 6 Now we can find the profit-maximizing output levels Q,, Q 2 , and Q r . First, 
’ ,' the intersection of MC r with MR; that point determines total output Q T . 
: xt draw a horizontal line from that point on the marginal revenue curve to 
, vertical axis; point MR* determines the firm's marginal revenue. The inter- 
- ctions of the marginal revenue line with MC, and MC 2 give the outputs Q, and 
n for the two plants, as in equation (10.3). 

Note that total output Q r determines the firm's marginal revenue (and hence 
its price P*). Qi and Q 2 , however, determine marginal costs at each of the two 
lants. Because MC r was found by horizontally summing MC, and MC 2/ we 
Inow that Q, + Q, = Q t . Thus these output levels satisfy the condition that 
ytP = MC, = MC 2 . 



10 , 


Monopolv 


y 


ower 
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Pure monopoly is rare. Markets in which several firms compete with one 
another are much more common. We say more about the forms this competition 
can take in Chapters 12 and 13. But we should explain here why each firm in a 
market with several firms is likely to face a downward-sloping demand curve, 
and, as a result, produce so that price exceeds marginal cost. 

Suppose, for example, that four firms produce toothbrushes, which have 
the market demand curve shown in Figure 10.7(a). Let's assume that these 


2.00 

S/Q 


1.50 



(a) 


(b) 


.7 The Demand for Toothbrushes 






Part (a) shows the market demand for toothbrushes. Part (b) shows the demand for toothbrushes as seen by Firm A. 
At a market price of $1.50, elasticity of market demand is — 1.5. Firm A, however, sees a much more elastic demand 
cun r e D A because of competition from other firms. At a price of $1.50, Firm A's demand elasticity is — 6. Still, Firm A 
has some monopoly power: Its profit-maximiziirg price is $1.50, which exceeds marginal cost. 



•\ote the similarity 7 to the way we obtained a competitive industry's supply curve in Chapter 8 by 
-nzontallv summing- the marginal cost curves of tire individual firms 
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four firms are producing an aggregate of 20,000 toothbrushes per day (50C 
per day each) and selling them at SI. 50 each. Note that market demand 
relatively inelastic; vou can verify that at this SI. 50 price, the elasticity of 
demand is - 1.5. 

Now suppose that Firm A is deciding whether to lower its price to increase 
sales. To make this decision, it needs to know how its sales would respond to a 
change in its price. In other words, it needs some idea of the demand curve if 
faces°as opposed to the market demand curve. A reasonable possibility is shown 
in Figure 10.7(b), where the firm's demand curve D ■ is much more elastic than 
the market demand curve. (At the SI. 50 price the elasticity is -6.0.) The firm 
might predict that by raising price from S1.50 to $1.60, its sales will drop— say, 
from 5000 units to 3000 — as consumers buy more toothbrushes from other firms. 
(If all firms raised their prices to $1.60, sales for Firm A would fall only to 4500.) 
But for several reasons, sales won't drop to zero as they would in a perfectly 
competitive market. First, if Firm A s toothbrushes aie a little different from its 
competitors, some consumers will pay a bit more for them. Second, other firms 
might also raise their prices. Similarly, Firm A might anticipate that by lowering 
its price from $1.50 to $1.40, it can sell more, perhaps 7000 toothbrushes instead 
of 5000. But it will not capture the entire market. Some consumers might still 
prefer the competitors' toothbrushes, and the competitors might also lower their 
prices. 

Tims Firm A's demand curve depends both ori how much its product differs 
from its competitors' products and on how the four firms compete with one 
another. We will discuss product differentiation and interfirm competition in 
Chapters 12 and 13. But one important point should be clear: Firm A is likely to 
face a demand curve which is more elastic than the market demand curve, but which is 
'not infinitely elastic like the demand curve facing a perfectly competitive firm. 

Given knowledge of its demand curve, how much should Firm A produce? 
The same principle applies: The profit-maximizing quantity equates marginal 
revenue and marginal cost. In Figure 10.7(b), that quantity is 5000 units. The cor- 
responding price is $1.50, which exceeds marginal cost. Thus although Fiim A is 
not a pure monopolist, it does have monopoly power— it can profitably charge a 
price greater than marginal cost. Of course, its monopoly power is less than it 
would be if it had driven away the competition and monopolized the market, 
but it might still be substantial. 

This raises two questions. 


1 


HI 


■ 




1. How can we measure monopoly power in order to compare one firm wi 
another? (So far we harm been talking about monopoly power only in qm 
tative terms.) 

2. What are the sources of monopoly power, and why do some firms have moi 
monopoly power than others? 

We address both these questions below, although a more complete answer to th< 
second question will be provided in Chapters 12 and 13. 


P 

y I 

I. 




Remember the important distinction between a perfectly competitive firm and 
firm with monopoly power: For the competitive firm, price equals marginal cost 
the firm with monopoly power, price exceeds marginal cost. Therefore, a natural "’ a 
to measure monopoly power is to examine the extent to which the profit ma." 


I 
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. i na price exceeds marginal cost. In particular, we can use the markup ratio of 
'ce minus marginal cost to price that we introduced earlier as part of a rule of 
lurrtb for pricing. This measure of monopoly power, introduced by economist 
bba Lerner in 1934, is called the Lerner Index of Monopoly Power. It is the dif- 
rence between price and marginal cost, divided by price. Mathematically: 


L = (P - MC)/P 


■ 


1 


fire Lerner index always has a value between zero and one. For a perfectly 
■competitive firm, P = MC, so that L = 0. The larger L, the greater the degree of 
monopoly power. 

This index of monopoly power can also be expressed in terms of the elasticity 
f demand facing the firm. Using equation (10.1), we know that 


L = (P - MC)/P = -1/E ri (10.4) 

emember, however, that E d is now the elasticity of the firm's demand curve, not 
the market demand curve, hr the toothbrush example discussed above, the elas- 
ticity of demand for Firm A is - 6.0, and the degree of monopoly power is 
1/6 = 0.167/ 

Note that considerable monopoly power does not necessarily imply high 
rofits. Profit depends on average cost relative to price. Firm A might have more 
onopoly power than Firm B but earn a lower profit because of higher average 
costs. 

The Rule of Thumb for Pricing 

In the previous section, we used equation (10.2) to compute price as a simple 
markup over marginal cost: 


1 


1 + (1/Erf) 


i 


This relationship provides a rule of thumb for any firm with monopoly power. 
We must remember, however, that E d is the elasticity of demand for the firm, not 
the elasticity of market demand. 

It is harder to determine the elasticity of demand for the firm than for the 
market because the firm must consider how its competitors will react to price 
changes. Essentially, the manager must estimate the percentage change in the 
firm's unit sales that is likely to result from a 1-percent change in the firm's price. 
This estimate might be based on a formal model or on the manager's intuition 
and experience. 

Given an estimate of the firm's elasticity of demand, the manager can calcu- 
late the proper markup. If the firm's elasticity of demand is large, this markup 


There are three problems with applying the Lerner index to the analysis of public policy toward 
tyns. First, because marginal cost is difficult to measure, average variable cost is often used in 
wmer index calculations Second, if the firm prices below its optimal price (possibly to avoid legal 
tyutiny), its potential monopoly power will not be noted by the index Third, the index ignores 
dynamic aspects of pricing such as effects of the learning curve and shifts in demand See Robert S 
mdyck, "The Measurement of Monopoly Power in Dynamic Markets," loimml of Law and Economics 
28 f April 1985): 193-222. 


Lerner Index of Monopoly 
Power Measure of monopoly 
power calculated as excess of 
price over marginal cost as a 
fraction of price 



1 Markup PncinpSupermarl 


a“^:>ns -T t re°4“ H^^o^opou- powe,=THe oppos it e is . ue « 
demand is relatively inelastic, as in (b). | — i _ 


will be small (and we can say that the firm has very little monopoly pnw er). If 
the firm's elasticity of demand is small, this markup will be large (and the firm 
will have considerable monopoly power). Figures 10.8(a) and 10.8(b) illustrate 

these two extremes. 


pyphree examples should help clarify the use of markup pricing Consider a 
I retail supermarket chain. Although the elasticity of market demand 
food is small (about - 1), several supermarkets usually serve most areas so 
single supermarket can raise its prices very much without losing many 
tomers to other stores. As a result, the elasticity of demand for any one su 
market is often as large as -10. Substituting this number tor £, m equa 
10.2), we find P = MC/(1 - 0.1) = MC/(0.9) = (l.ll)MC. In other worfcA 
manager of a typical supermarket should set prices about 11 percent abg 
marginal cost. For a reasonably wide range of output levels (over whic 
size of the store and the number of its employees will lemam fixe ), 0 _ 

cost includes the cost of purchasing the food at wholesale, plus the costs o 
ing the food, arranging it on the shelves, etc For most supermarkets, 

markup is indeed about 10 or 11 percent. , eve ji 

Small convenience stores, which are often open / days a w ee 
24 hours a day, typically charge higher prices than supermarkets^ A 
Because a convenience store faces a less elastic demand cun e. s <-U 
generally less price sensitive. They might need a quart ot milk or a loat 
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late at night, or may find it inconvenient to drive to the supermarket. Tire elas- 
tj-itv of demand for a convenience store is about - 5, so the markup equation 
• dies that its prices should be about 25 percent above marginal cost, as 
indeed they typically are. 

phe Lerner index, (P - MC)/P, tells us that the convenience store has more 
monopoly power, but does it make larger profits? No. Because its volume is far 
smaller and its average fixed costs are larger, it usually earns a much smaller 
fit than a large supermarket, despite its higher markup. 
r Finally consider a producer of designer jeans. Many' companies produce 
■ anS/ but some consumers will pax much more for jeans with a designer label. 

I j us f f,ow much more they will pay — or more exactly, how much sales will drop 
in response to higher prices — is a question that the producer must carefully 
consider because it is critical in determining the price at which the clothing will 
be sold (at wholesale to retail stores, which then mark up the price further). 
With designer jeans, demand elasticities in the range of — 3 to - 4 are typical for 
the major labels. This means that price should be 33 to 50 percent higher than 
marginal cost. Marginal cost is typically S12 to S18 per pair, and the wholesale 
price is in the SI 8 to S27 range. 




D uring the mid-1980s, the number of households owning videocassette 
recorders (VCRs) grew rapidly, as did the markets for rentals and sales of 
prerecorded cassettes. Although many' more videocassettes are rented through 
small retail outlets than are sold outright, the market for sales is large and 
growing. Producers, however, found it difficult to decide what price to charge 
for cassettes. As a result, in 1985 popular movies were selling for vastly' different 
prices, as the data for that year show in Table 10.2. 

Note that while The Empire Strikes Back was selling for nearly $80, Star Trek, 
a film that appealed to the same audience and was about as popular, sold 
for only about $25. These price differences reflected uncertainty and a wide 


Purple Rain 

_ Raiders of the Lost Ark 
1 Jane Fonda Workout 
Jj e Empire Strikes Back 
Officer a nd a Gentleman 
J far Trek: The Motion Pi cture 
Star Wars 


RETAIL PRICE ($) 

$29.98 


Austin Powers 
A Bug's Life 

There's Something about Mary 
Tae-Bo Workout 
Lethal Weapon 4 
Men in Black 
Armageddon 


RETAIL PRICE ($) 
$10.49 
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Between 1990 and 1997, lower prices induced consumers to buy many more videos 
While revenues horn sales more than doubled, rental revenues were flat. 


divergence of views on pricing by producers. The issue was whethei lower 
prices' would induce consumers to buy videocassettes rather than lent them. 
Because producers do not share in the retailers' revenues from rentals, they 
should charge a low price for cassettes only if that will induce enough con- 
sumers to buv them. Because the market was young, producers had no good 
estimates of the elasticity of demand, so they based prices on hunches or trial 

As the market matured, however, sales data and market research studies p 
pricing decisions on firmer ground. They strongly indicated that demand w 
elastic and that the profit-maximizing price was in the range ot Slo to W . 
one industry analyst said, "People are becoming collectors. ... As you low 
the price you attract households that would not have considered buying a 
higher price point." 8 9 Bv the 1990s, most producers had lowered prices acre 
the board. As Table 10.2 shows, in 1999 prices of top-selling videos were com 
erably lower than in 1985. As a result of these price declines, sales of vide 
increased steadily during the 1990s, as did profits from these sales. As Bgu 
10.9 shows, revenues from video sales more than doubled horn 19 
while revenues from rentals remained fairly flat. 


8 "Video Producers Debate the Value of Price Cuts," Nczv York Times, February 19, 19bo 

9 "Studios Now Stressing Video Sales Over Rentals," New York Times -October 1/, ^ 
detailed study of videocassette pricing, see Carl E Enomoto and Soumendra N G1 o , 

the Horne-Video Market" (working paper, New Mexico State University, 199_). 
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lyiiv do some firms have considerable monopoly power while other firms have 
little or none? Remember that monopoly power is the ability to set price above 

armnal cost and that the amount by which price exceeds marginal cost 
depends inversely on the elasticity of demand facing the firm. As equation (10.3) 
-hows, the less elastic its demand curve, the more monopoly power a firm has. 
The ultimate determinant of monopoly power is therefore the firm's elasticity of 
demand. Thus we should rephrase our question; Why' do some firms (e.g., a 
supermarket chain) face demand curves that are more elastic than those faced by 
others (e.g-, a producer of designer clothing)? 

Three factors determine a firm's elasticity of demand; 

1. The elasticity of market demand. Because the firm's own demand will be at 
least as elastic as market demand, the elasticity of market demand limits the 
potential for monopoly power. 

2. The number of firms in the market. If there are many firms, it is unlikely that 
any one firm will be able to affect price significantly. 

3. The interaction among firms. Even if only two or three firms are in the market, 
each firm will be unable to profitably raise price very much if the rivalry 
among them is aggressive, with each firm trying to capture as much of the 
market as it can. Let's examine each of these three determinants of monop- 
oly power. 


there is only one firm — a pure monopolist — its demand curve is the market 
demand curve. In this case, the firm's degree of monopoly power depends com- 
pletely on the elasticity of market demand. More often, however, several firms 
compete with one another; then the elasticity of market demand sets a lower 
limit on the magnitude of the elasticity of demand for each firm. Recall our 
example of the toothbrush producers illustrated in Figure 10.7. The market 
demand for toothbrushes might not be very elastic, hut each firm's demand will 
he more elastic. (In Figure 10.7, the elasticity of market demand is — 1.5, and the 
elasticity of demand for each firm is — 6.) A particular firm's elasticity depends 
on how the firms compete with one another. But no matter how they compete, 
ie elasticity of demand for each firm could never become smaller in magnitude 


Because the demand for oil is fairly inelastic (at least in the short run), OPEC 
uid raise oil prices far above marginal production cost during the 1970s and 
my 1980s. Because the demands for such commodities as coffee, cocoa, tin, and 
pper are much more elastic, attempts by producers to cartelize these markets 
id raise prices have largely failed. In each case, the elasticity of market demand 
nits the potential monopoly power of individual producers. 


he second determinant of a firm's demand curve — and thus of its monopoly 
ower — is the number of firms in its market. Other things being equal, the 
!onopoly power of each firm will fall as the number of firms increases. As more 
more firms compete, each firm will find it harder to raise prices and avoid 
®ng sales to other firms. 


346 Part 3 Market Structure and Competitive Strategy 


Chapter 10 Market Power: Monopoly and Monopsony 347 


barrier to entry Condition 
that impedes entry by new 
competitors. 


In §7.4, we explain that a firm 
enjoys economies of scale 
when it can double its output 
with less than a doubling of 
cost. 


What matters, of course, is not just the total number of films, but the nu®bg t 
of "major players"— firms with significant market share. For example, if 0n j y 
two large firms account for 90 percent of sales in a market, with another 20 firm, 
accounting for the remaining 10 percent, the two large firms might have cortsid- 
erable monopoly power. When only a few firms account for most of the sales in g 
market, we sav that the market is highly concent) cited. 

It is sometimes said (not always jokingly) that the greatest fear of American 
business is competition. That may or may not be true. But we would certainly 
expect that when only a few firms are in a market, their manageis will prefer 
that no new firms enter. An increase in the number of firms can only reduce the 
monopoly power of each incumbent firm. An important aspect of competitive 
strategy (discussed in detail in Chapter 13) is finding ways to cieate barriers to 
entry— -conditions that deter entry by new competitors. 

Sometimes there are natural barriers to entry. For example, one fii m may have 
a patent on the technology needed to produce a particular product. This makes it 
impossible for other firms to enter the market, at least until the patent expires. 
Other legally created rights work in the same way a copyright can limit the sale 
of a book, music, or a computer software program to a single company, and the 
need for a government license can prevent new firms horn enteiing the markets 
for telephone service, television broadcasting, or intei state trucking. Finally, 
economies of scale may make it too costly for more than a few films to supply the 
entire market. In some cases, economies of scale may be so laige that it is most 
efficient for a single firm — a natural monopoly— to supply the entire market. We 
will discuss scale economies and natural monopoly in more detail shortly. 
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j a competitive market, price equals marginal cost. Monopolv power, on the 
ither hand, implies that price exceeds marginal cost. Because monopoly power 
esults in higher prices and lower quantities produced, we would expect it to 
make consumers worse off and the firm better off. But suppose we value the 
welfare of consumers the same as that of producers. In the aggregate, does 
monopoly power make consumers and producers better or worse off? 

We can answer this question by comparing the consumer and producer sur- 
plus that results when a competitive industry produces a good with the surplus 
that results when a monopolist supplies the entire market. 11 (We assume that the 
competitive market and the monopolist have the same cost curves.) Figure 10.10 
s jows the average and marginal revenue curves and marginal cost curve for the 
monopolist. To maximize profit, the firm produces at the point where marginal 
revenue equals marginal cost, so that the price and quantity are Fj n and Q m . In a 
competitive market, price must equal marginal cost, so the competitive price 
and quantity, P c and Q c , are found at the intersection of the average revenue 


The wavs in which competing firms interact is also an important and some- 
times the most important- determinant of monopoly power. Suppose there are 
four firms in a market. They might compete aggressively, undercutting one 
another's prices to capture more market share. This could drive prices down to 
nearly competitive levels. Each firm will fear that it it raises its price it will be 
undercut and lose market share. As a result, it will have little monopoly power. 

On the other hand, the firms might not compete much. They might even col- 
lude (in violation of the antitrust laws), agreeing to limit output and raise prices. 
Raising prices in concert rather than individually is more likely to be profitable, 
so collusion can generate substantial monopoly pow ei. , 

We will discuss the interaction among firms in detail in Chapters 1- and U 
Now we simplv want to point out that other things being equal, monopoly 
power is smaller when firms compete aggressively and is larger when the) 

cooperate. . . 

Remember that a firm's monopoly power often changes over time, as i s p 

a ting conditions (market demand and cost), its behavior, and the behavior of A 
competitors change. Monopoly power must therefore be thought o i 
dynamic context. For example, the market demand curve might be very melasfc 
in the short run but much more elastic in the long run. (Because this is the ca 
with oil, the OPEC cartel enjoyed considerable short-run but much less long 
monopoly power.) Furthermore, real or potential monopoly power m the s 

10 A statistic called the concentration ratio, which measures the fraction of sales accormted for^by, 
the four largest firms, is often used to describe the concentration of a market Concei < 
but not the only, determinant of market power 



iGURE 10.10 Deadweight Loss from Monopoly Power 


<he shaded rectangle and triangles show changes in consumer and producer sur- 
plus when moving from competitive price and quantity, P c and Q c , to a monopolist's 
Price and quantity, P m and Q,„. Because of the higher price, consumers lose A + B 
producer gains A - C. The deadweight loss is - B - C. 


_ u there were two or more firms, each with some monopoly power, the analysis would be more 
•Uplex However, the basic results would be the same. 


In §9.1, we explain that con- 
sumer surplus is the total 
benefit or value that con- 
sumers receive beyond what 
they pay for a good; producer 
surplus is the analogous mea- 
sure for producers. 
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rent seeking Spending 
money in socially unproduc- 
tive efforts to acquire, main- 
tain, or exercise monopoly 
power. 


1 

I 


(demand) curve and the marginal cost curve. Now let's examine how surpl Us 
changes if we move from the competitive price and quantity, P c and Q CI to tl 
monopoly price and quantity, P m and Q,„. 

Under monopoly, the price is higher and consumers buy less. Because of 
higher price, those consumers who buy the good lose surplus of an amou 
given by rectangle A. Those consumers who do not buy the good at price ^ b, 
who will buy at price P c also lose surplus- — namely, an amount given by triang 
B. Tire total loss of consumer surplus is therefore A + B. The producer, however 
gains rectangle A by selling at the higher price but loses triangle C, the add * 
tional profit it would have earned by selling Q c — Q m at price P c . The total gain 
producer surplus is therefore A — C. Subtracting the loss of consumer surph 
from the gain in producer surplus, we see a net loss of surplus given by B + q 
This is the deadweight loss from monopoly power. Even if the monopolist's profit 
were taxed away and redistributed to the consumers of its products, there 
would be an inefficiency because output would be lower than under conditions 
of competition. Tire deadweight loss is the social cost of this inefficiency. 
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Kernt seek Dong 

In practice, the social cost of monopoly power is likely to exceed the deadweight 
loss in triangles B and C of Figure 10.10. The reason is that the firm may engage 
in rent seeking: spending large amounts of money in socially unproductive 
efforts to acquire, maintain, or exercise its monopoly power. Rent seeking mig 
involve lobbying activities (and perhaps campaign contributions) to obtain go 
eminent regulations that make entry by potential competitors more difficu 
Rent-seeking activity could also involve advertising and legal efforts to avo 
antitrust scrutiny; It might also mean installing but not utilizing extra produ 
tion capacitv to convince potential competitors that they cannot sell enough 
make entry worthwhile. We would expect the economic incentive to incur rent- 
seeking costs to bear a direct relation to the gains from monopoly power (i.e., 
rectangle A minus triangle C). Therefore, the larger the transfer from consumers 
to the firm (rectangle A), the larger the social cost of monopoly. 12 

Here's an example. In 1996, the Archer Daniels Midland Company (ADM) 
successfully' lobbied the Clinton administration for regulations requiring that 
the ethanol (ethyl alcohol) used in motor vehicle fuel be produced from corn. 
(The government had alreadv planned to add ethanol to gasoline in order to 
reduce the country's dependence on imported oil ) Ethanol is chemically t 
same whether it is produced from corn, potatoes, grain, or anything else. Then 
why require that it be produced only from corn? Because ADM had a near 
monopoly on corn-based ethanol production, so the regulation would increa 
its gains from monopoly power. 

Price ^egyiatiom 

Because of its social cost, antitrust laws prevent firms from accumulating exce: 
sive amounts of monopoly power. We will sav more about such laws at the e 
of the chapter. Here, we examine another means by which government can lint 
monopoly power — price regulation. 


l2 The concept of rent seeking was first developed bv Gordon Tullock For more detailed discusste 
see Gordon Tullock, Rent Seeking (Brookfield VT: Edward Elgar, 1993). or Robert D Tollisoni 
Roger D Congleton, The Economic Anali/sk of Rent Seeking (Brookfield, VT: Edward Elgar, 199a) 
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FIGUftSpill Price Regulation 


II left alone, a monopolist produces Q,„ and charges P... When the eovemmenT 
imposes a price ceiling of P the firm's average and marginal revenue are conSa 
and equal to / , for output levels up to Q, For larger output levels, 'the 0 'r ‘ in a a S 
age and marginal revenue curves apply. The new marginal revenue curve is there 
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As the price is lowered further, the quantity produced continues to increase 
and the deadweight loss to decline At price P, where average revenue and ma' r 
ginal cost intersect, the quantity produced has increased to the competitive level- 
the deadweight loss from monopoly power has been eliminated. Reducing th e 
price even more — say, to P 3 — results in a reduction in quantity. This reduction f 
equivalent to imposing a price ceiling on a competitive industry. A shortao" 
develops, (Qj - Q 3 ), in addition to the deadweight loss from regulation. As th 
price is lowered further, the quantity produced continues to fall and the sho 
grows.. Finally, if the price is lowered below P 4 , the minimum average cost, 
firm loses money and goes out of business. 


1 


natural monopoly Firm that 
can produce the entire output 
of the market at a cost lower 
than what it would be if there 
were several firms. 


Price regulation is most often used for natural monopolies, such as local utili 
companies A natural monopoly is a firm that can produce the entire output of 
the market at a cost that is lower than what it would be if there were several 
firms If a firm is a natural monopoly, it is more efficient to let it serve the entire 
market rather than have several firms compete. 

A natural monopoly usually arises when there are strong economies of scale, 
as illustrated in Figure 10.12. If the firm represented by the figure was broken up 
into two competing firms, each supplying half the market, the average cost for 
each would be higher than the cost incurred by the original monopoly. 

Note in Figure 10.12 that because average cost is declining everywhere, m 
ginal cost is always below average cost. If the firm were unregulated, it wou 
produce Q,„ and sell at the price P m . Ideally, the regulatory agency would like 
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A firm is a natural monopoly because it has economies of scale (declining average 
and marginal costs) over its entire output range. If price were regulated to be P c , the 
firm would lose money and go out of business. Setting the price at P r yields the 
largest possible output consistent with the firm's remaining in business; excess prof 11 
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push the firm's price down to the competitive level P. At that level, however 
price would not cover average cost and the firm would go out of business The 
alternative is therefore to set the price at P, where average cost and average 
revenue inteisect. In that case, the firm earns no monopoly profit, and output is 
as large as it can be without driving the firm out of business. 

RegwSstson an Praetors© 

Recall that the competitive price (R in Figure 10.11) is found at the point at which 
firm's marginal cost and average revenue (demand) curves intersect, 
ewise for a natural monopoly: The minimum feasible price (I? in Figure 10.12) 
found at the point at which average cost and demand intersect. Unfortunately 
is often difficult to determine these prices accurately in practice because the 
firm's demand and cost curves may shift as market conditions evolve. 

Rate- G r-' A Si U -n Regulation As a result, the regulation of a monopoly is 
usually based on the rate of return that it earns on its capital. The regulatory 
agency determines an allowed price, so that this rate of return is in some sense 
"competitive or fair." This practice is called rate-of-return regulation: The 
maximum puce allowed is based on the (expected) rate of return that the firm 
■ >^11 earn. 

Unfortunately, difficult problems arise when implementing rate-of-return 
regulation, irst, although it is a key element in determining the firm's rate of 
-turn, a turn s capital stock is difficult to value. Second, while a "fair" rate of 
turn must be based on the firm's actual cost of capital, that cost depends in 
mm on the behavior of the regulatory agency (and on investors' perceptions of 
hat future allowed rates of return will be) 

The difficulty of agreeing on a set of numbers to be used in rate-of-return cal- 
ations otter, leads to delays in the regulatory response to changes in cost and 
other market conditions (not to mention long and expensive regulatory hear- 
1 T ’ maJOr beneflcianes are usually lawyers, accountants, and, occasion- 
Jfe— The net result is regulatory lag— the delays of a year 

ormore usually entailed in changing regulated prices. 

reeulS'fh ^ n® 1 . 950s j uid 1960s ' regulatory lag worked to the advantage of 
TJofVrT DUnn§ th °f d6CadeS ' C0sts were typically falling (usually as a 

fef^r rT 165 a , ; eVed aS firmS § rew) - Thus regulatory lag allowed 
ese turns at least tor a while, to enjoy actual rates of return greater than those 

oTS' d p eem H d " fair " at the end 0f re 8 ulator y proceedings Beginning* in the 
ntof' mV TI' r S Ua chan & ed ' and regulatory lag worked to the detri- 
s needT T S ° r 6Xample ' When 0il P nces rose sharply electric utili- 

t s of mm ra n! ^ P™? 5 ' Re S“ la *ory lag caused many of them to earn 

Bv°he1QQo Zf T ^ rat6S they had been earnin § earlier, 
ificallv M T 8 , t01V f nVil0,lment m the United States had changed dra- 

had pi ^t } ' P , ° ^ te econuTmni cations industry had been deregulated 

exhausted I" " ^ BeC3USe SCale eco ”s had been largely' 

olies S add Tt'° 1 ar § Ument that these d ™s were natural monop- 

addihon, technological change made entry by new firms relatively easy. 

Regulatory agencies typically use a formula like the following to determine price: 

P = AVC - (D - T - sK)/Q 

f Saxes a ,ndTis m r l a f ble <° St ' Q is ° ut P ut ' s 15 the allotved "fair" rate of return. D is deprecia- 
- ana K is the tirni s current capital stock ' 


rate-of-return regulation 

The maximum price alloxved 
by a regulatory agency is 
based on the (expected) rate of 
return that a firm will earn. 
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oligopsony Market with 
only a few buyers. 


monopsony power Buyer's 
ability to affect the price of a 
good. 


marginal value Additional 
benefit derived from purchas- 
ing one more unit of a good. 


In §4.1, we explain that as we 
move down along a demand 
curve, the value the con- 
sumer places on an addi- 
tional unit of the good falls. 


average expenditure Price 
paid per unit of a good. 


If' 


1i B S Monopsony 
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marginal expenditure 

Additional cost of buying one 
more unit of a good. 


■ T ■ 

So far our discussion of market power has focused entirely on the seller side of 
the market. Now we turn to the buyer side. We will see that if there are not too 
many buyers, they can also have market power and use it profitably to affect the 
price they pay for a product. 

First, a few terms. 


□ Monopsony refers to a market in which there is a single buy ei 

□ An oligopsony is a market with only a few buyeis. 

S With one or only' a few buyers, some buyers may have monopsony power: a 
buyer's ability to affect the price of a good. Monopsony power enables the 
buyer to purchase the good for less than the price that would prevail in a 
competitive market. 


Suppose you are trying to decide how much of a good to purchase. You could 
apply the basic marginal principle— keep purchasing units of the good until tne 
last unit purchased gives additional value, or utility, just equal to the cost of that 
last unit. In other words, on the margin, additional benefit should just be offset 
by additional cost. 

’ Let's look at this additional benefit and additional cost in more detail. We use 
the term marginal value to refer to the additional benefit from purchasing on 
more unit of a°good. How do we determine marginal value? Recall from Chapte 
4 that an indiv idual demand curve determine marginal value, or marginal util 
ity, as a function of the quantity purchased. Therefore, y'our marginal value sched 
i ilc is your demand curve for tire good. An individual s demand curve slope 
downward because the marginal value obtained from buying one more unit of 
good declines as the total quantity purchased increases. 

Tire additional cost of buying one more unit of a good is called the marginal 
expenditure. What that marginal expenditure is depends on whether you area 
competitive buyer or a buyer with monopsony power. Suppose you are a com- 
petitive buyer— in other words, you have no influence over the price of the 
-ood In that case, the cost of each unit you buy is the same no matter how many 

o . . . ... 1 T-: inllM Ulurtratoc 




D = MV 


AR = MR 


Quantitv 


Quantity 


i FIGUf 


WME 


to Competitive Seller 


In (a), tire competitive buyer takes market price P* as given. Therefore, marginal expenditure and average expendi- 
ture are constant and equal; quantitv purchased is found by equating price to marginal value (demand). In (b), the 
competitive seller also takes price as given. Marginal revenue and average revenue are constant and equal; quantity 
sold is found by equating price to marginal cost. 


1. All Uiui VUJU, mv. . - 

units you purchase; it is the market price of the good. Figure 10.1n(a) illustrates 

J ‘ •. • .... rwimit 


units you purciidse, n uic G -o 

this principle. The price you pay per unit is your average expenditure per unit, 
and it is the same for all units. But what is your marginal expenditure per unit. As 
a competitive buyer, your marginal expenditure is equal to your average exp 
diture, which in turn is equal to the market price of the good 

Figure 10.13(a) also shows your marginal value schedule (i.e., your dem 
curve). How much of the good should you buy? You should buy until the 
ginal value of the last unit is just equal to the marginal expenditure on that 
Thus you should purchase quantity Q* at the intersection of the marginal e, , 

diture and demand curves. 

We introduced the concepts of marginal and average expenditure becaus 
they will make it easier to understand what happens when buyers have monop- 
sony power. But before considering that situation, let's look at the analog 
between competitive buyer conditions and competitive seller conditions. 
10.13(b) shows how a perfectly competitive seller decides how much to pro 
and sell. Because the seller takes the market price as given, both average 
marginal revenue are equal to the price, lire profit-maximizing quantity is a 


Now suppose that you are the cm/ 1/ buyer of tire good. Again vou face a mar- 
ket suppiv curve, which tells you how much producers are willing to sell as a 
function of tire price you pay. Should the quantity you purchase be at the point 
where your marginal value curve intersects the market supply curve? No. If you 
want to maximize your net benefit from purchasing the good, vou should pur- 
chase a smaller quantity, which you will obtain at a lower price. 

To determine how much to buy, set the marginal value from the last unit pur- 
chased equal to the marginal expenditure on that unit. 14 Note, however, that the 
market supply curve is not the marginal expenditure curve The market supply 
curve shows how much you must pav per unit, as a function of the total number 
of units you buy. In other words, the supply curve is the average expenditure 
curve. And because this average expenditure curve is upward sloping, the mar- 
ginal expenditure curve must lie above it. The decision to buy an extra unit 
raises the price that must be paid for all units, not just the extra one. 1 " 


Mathematically, we can w rite the net benefit \B from the purchase as NJB = V - E, where V is the 
ralue to the buver of the purchase and £ is the expenditure Net benefit is maximized when 
4XB/AQ =. 0 Then 


ANB/AQ = AV'/AQ - AE/AQ = MV - ME = 0 


so that MV 


To obtain the marginal expenditure curve algebraicallv, write the supply curve with price on the 
-rit-hand side: P = P(Q) Then total expenditure £ is price times quantity, or E = P(Q)Q, and mar- 
shal expenditure is 


intersection of the marginal revenue and marginal cost curves. 


in 


ME = AE/AQ = PiQ: - Q(AP/AQ) 

Because the supply curve is upward sloping, AP/AQ is positive, and marginal expenditure is greater 


t average expenditure. 
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The market supply curve is the monopsonist's average expenditure curve AE. 
Average expenditure is rising, so marginal expenditure lies abo\ e it. Tire monopson- 
ist purchases quantitv Q* n , where marginal expenditure and marginal \alue 
(demand) intersect. The price paid per unit P* is then found from the average 
expenditure (supply) curve. In a competitive market, price and quantity-, P c and Q., 
are both higher. Thev are found at the point where average expenditure (supply) and 
marginal value (demand) intersect. 


Figure 10.14 illustrates this principle. Tire optimal quantity' for the monopson- 
ist to buy, Q* , is found at the intersection of the demand and marginal expendi- 
ture curves. The price that the monopsonist pays is found from the supply 
curve: It is the price P* that brings forth the supply Q* r Finally, note that this 
quantity Q*„ is less, and the price P*„ is lower, than the quantity and price 
would prevail in a competitive market, Q c and P c . 


Monopsony and Monopoly Compared 

Monopsony is easier to understand if you compare it with monopoly'. Figu 
10.15(a) and 10.15(b) illustrate this comparison. Recall that a monopolist c 
charge a price above marginal cost because it faces a downward-s opi 
demand, or average revenue curve, so that marginal revenue is less than av ei 
revenue. Equating marginal cost with marginal revenue leads to a quantity 
that is less than what would be produced in a competitive market, and to a pi 
P* that is higher than the competitive price P c . _ 

The monopsony situation is exactly analogous. As Figure 10.15(b) i us 
the monopsonist can purchase a good at a price below its marginal calue eca ^ 
faces an upward-sloping supply', or average expenditure, curve. Tws 
monopsonist, marginal expenditure is greater than average expen i 
Equating marginal value with marginal expenditure leads to a quantity Q 
is less than what would be bought in a competitive market, and to a price 
is lower than the competitive price P c . 




These diagrams show the close analogy' between monopoly and monopsony', (a) The monopolist produces where 
marginal revenue intersects marginal cost. Average revenue exceeds marginal revenue, so that price exceeds marginal 
cost, (b) The monopsonist purchases up to the point where marginal expenditure intersects marginal value. Marginal 
xpenditure exceeds average expenditure, so that marginal value exceeds price. 


I 


onopsony Power 



Much more common than pure monopsony' are markets with only a few firms 
ompeting among themselves as buyers, so that each firm has some monopsony 
ower. For example, the major U.S. automobile manufacturers compete with one 
nother as buyers of tires. Because each of them accounts for a large share of the 
re market, each has some monopsony power in that market. General Motors, 
e largest, might be able to exert considerable monopsony' power when con- 
acting for supplies of tires (and other automotive parts). 

In a competitive market, price and marginal value are equal. A buyer with 
onopsony power, however, can purchase a good at a price below marginal 
lue. The extent to which price is marked down below marginal value depends 
the elasticity' of supply' facing the buyer. 16 If supply' is very' elastic (£ s is large), 
e markdown will be small and the buyer will have little monopsony' power, 
•adversely, if supply is very' inelastic, the markdown will be large and the buy'er 
'ill have considerable monopsony power. Figures 10.16(a) and 10.16(b) illus- 
ate these two cases. 


exact relationship (analogous to equation (10.1)) is given bv (MV — P)/P = 1 /£$. This equa- 
follows because MV = ME and ME = A(P<2)/AQ = Pt Q(AP/AQ) 


ji 
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Monopsony Power: Elastic 
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Monopsony power depends on the elasticity of supply. When supply is elastic, as in (a), marginal expenditure i 
average expenditure do not differ by much, so price is close to what it would be in a competitive market. The oppo 
is true when supply is inelastic, as in (b). 


Sources of HVHonopsoffay Power 

What determines the degree of monopsony power in a market? Again, we car 
draw analogies with monopolv and monopoly power. We saw that monopoh 
power depends on three things: the elasticity of market demand, the number o 
sellers in tire market, and how those sellers interact. Monopsony power dep 
on three similar things: The elasticity of market supply, the number of buy 
the market, and how those buyers interact 

Elasticity of Market Supply A monopsonist benefits because it faces 
upward-sloping supply curve, so that marginal expenditure exceeds ave 
expenditure. The less elastic the supply curve, the greater the difference betw 
marginal expenditure and average expenditure and the more monopsony pov 
the buyer enjoys. If only one buyer is in the market — a pure monopsonist 
monopsony power is completely determined by the elasticity of market supp 
If supply is highly elastic, monopsony power is small and there is little gain 
being the only buyer. 


Number of Buyers Most markets have more than one buyer, and thenu 
ber of buyers is an important determinant of monopsony power. When the nu 
ber of buyers is very large, no single buyer can have much influence over price. 
Thus each buyer faces an extremely elastic supply curve, so that the market is 
almost completely competitive. The potential for monopsony power arises when 
the number of buyers is limited. 
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Interaction Among Buyers Finally, suppose three or four buyers are in 1 
market. If those buyers compete aggressively, they will bid up the price close 
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their marginal value of the product, and thus they will have little monopsony 
pcnvei'- On the other hand, if those buyers compete less aggressively, or even col- 
lude,pri ces will not be bid up very much, and the buyers' degree of monopsony 
power might be nearly as high as if there were only one buyer. 

* So as with monopoly power, there is no simple way to predict how much 
monopsony power buyers will have in a market. We can count the number of 
buyers, and we can often estimate the elasticity of supply, but that is not enough. 
Monopsony power also depends on the interaction among buyers, which can be 
more difficult to ascertain. 


Because monopsony power results in lower prices and lower quantities pur- 
chased, we would expect it to make the buyer better off and sellers worse off. 
But suppose we value the welfare of buyers and sellers equally. How is aggre- 
gate welfare affected by monopsony power? 

We can find out by comparing the consumer and producer surplus that 
results from a competitive market to the surplus that results when a monopson- 
ist is the sole buyer. Figure 10.17 shows the average and marginal expenditure 
curves and marginal value curve for the monopsonist. The monopsonist's net 
benefit is maximized by purchasing a quantity Q,„ at a price P,„ such that mar- 
ginal value equals marginal expenditure. In a competitive market, price equals 
marginal value. Thus the competitive price and quantity, P, and Q„ are found 
where the average expenditure and marginal value curves intersect. Now let's 
see how surplus changes if we move from the competitive price and quantity, P 
and Q c , to the monopsony price and quantity, P,„ and Q,„. 
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FIGURE 10.17 Deadweight Loss from Monopsony Power 


The shaded rectangle and triangles show changes in consumer and producer sur- 
plus when moving from competitive price and quantity, P c and Q c , to monopsonist's 
Pnce and quantity, P m and Q,„ . Because both price and quantity' are lower, there is an 
'ncrease in buyer (consumer) surplus given by A - B. Producer surplus falls by 
, so ^ lere ' s a deadweight loss given by triangles B and C. 
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bilateral monopoly Market 
with only one seller and one 
buyer. 


With monopsony, the price is lower and less is sold. Because of the Id 
price, sellers lose an amount of surplus given by rectangle A. In addition, sel 
lose the surplus given by triangle C because of the reduced sales. The total 
of producer (seller) surplus is therefore A + C. The buyer gains the sur] 
o-iven bv rectangle A by buying at a lower price. However, the buyer buys , 
Q,„ instead of Q c , and so loses the surplus given by triangle B. The total g a j 
surplus to the buyer is therefore A - B. Altogether, there is a net loss of sur 
«ri V en by B + C. This is the deadweight loss from monopsony power. Even il 
monopsonist's gains were taxed away and redistributed to the producers, t 
would be an inefficiency because output would be lower than under com 
tion. The deadweight loss is the social cost of this inefficiency. 
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What happens when a monopolist meets a monopsonist? It s hard to say 
call a market with only one seller and only one buyer a bilateral monopol; 
you think about such a market, you'll see why it is difficult to piedict the p 
and quantity. Both the buyer and the seller are in a bargaining situat 
Unfortunately, no simple rule determines which, if either, will get the better 
of the bargain. One party might have more time and patience, or might be 
to convince the other party that it will walk away if the price is too low or 
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Bilateral monopoly is rare. Markets in which a few producers have s 
monopoly 7 power and sell to a few buy 7 ers who have some monopsony pi 
are more common. Although bargaining may still be involved, we can app 
rough principle here: Monopsony power and monopoly power will tend to conn 
each other. In other words, the monopsony power of buyers will reduce the i 
tive monopoly 7 power of sellers, and vice versa. This does not mean that 
market will end up looking perfectly competitive; if, for example, monop 
power is large and monopsony power small, the residual monopoly pow 
would still be significant. But in general, monopsony power will push pri 
closer to marginal cost, and monopoly power will push price closer to margi 
value. 
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nopsony Power in U.S. Manufacturing 


M onopoly power, as measured by the price-cost margin (P 

varies considerably across manufacturing industries in the United b 
Some industries have price-cost margins close to zero, while m other in us 

' ' " ‘ 0.5. These variations are due in 
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the price-cost margins are as high as 0.4 or 




to differences in the determinants of monopoly power: In some mdus 
ket demand is more elastic than in others; some industries hav e more se 
than others; and in some industries, sellers compete more aggressiv e y ra. 
others. But something else can help explain these variations in mono] 
power — differences in monopsony power among the firms customers. ^ 
Tire role of monopsonv power was investigated in a statistical stu y 
U.S. manufacturing industries. 17 The study sought to determine the ext 
which variations in price-cost margins could be attributed to v aria l 
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17 The studv was by Steven H. Lustgarten, "The Impact of Buyer Concentration in 
Industries," Review of Economics and Statistics 57 (May 1975): 12o-32 
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onopsony power by buyers in each industry 7 . Although the degree of buyers' 
nonopscnv power could not be measured directly, data were available for vari- 
y eS (.pat help determine monopsony power, such as buyer concentration (the 
•action of total sales going to the three or four largest firms) and the average 
mual size of buyers' orders. 

The study found that buyers' monopsony power had an important effect 
n tire price-cost margins of sellers and could significantly 7 reduce any 7 monop- 
jy power that sellers might otherwise have. Take, for example, the concentra- 
ion of buy r ers, an important determinant of monopsonv 7 power. In industries 
here only four or five buyers account for all or nearly all sales, the price-cost 
margins of sellers would on average be as much as 10 percentage points lower 
han in comparable industries with hundreds of buy 7 ers accounting for sales. 

A good example of monopsony 7 power in manufacturing is the market for 
lutomobile parts and components, such as brakes and radiators. Each major 
car producer in the United States ty 7 pically 7 buy's an individual part from at least 
three, and often as many 7 as a dozen, suppliers. In addition, for a standardized 
product, such as brakes, each automobile company usually produces part of its 
needs itself, so that it is not totally reliant on outside firms. This puts companies 
like General Motors and Ford in an excellent bargaming position with respect 
to their suppliers. Each supplier must compete for sales against five or ten 
other suppliers, but each can sell to only a few buyers. For a specialized part, a 
single auto company 7 may be the only buyer. As a result, the automobile compa- 
nies have considerable monopsony power. 

This monopsony power becomes evident from the conditions under which 
suppliers must operate. To obtain a sales contract, a supplier must have a track 
record of reliability 7 , in terms of both product quality 7 and ability to meet tight 
delivery 7 schedules. Suppliers are also often required to respond to changes in 
volume, as auto sales and production levels fluctuate. Finally 7 , pricing negotia- 
tions are notoriously difficult; a potential supplier will sometimes lose a con- 
tract because its bid is a penny per item higher than those of its competitors. 
Not surprisingly, producers of parts and components usually have little or no 
monopoly 7 power. 


Limiting Market Pow* 
The Antitrust Laws 


have seen that market power — whether wielded by sellers or buyers — harms 
Jtential purchasers who could have bought at competitive prices. In addition, 
ket power reduces output, which leads to a deadweight loss. Excessive mar- 
power also raises problems of equity and fairness: If a firm has significant 
onopoly power, it will profit at the expense of consumers. In theory 7 , a firm's 
cess profits could be taxed away and redistributed to the buy 7 ers of its products, 
’ u ! such a redistribution is often impractical. It is difficult to determine what por- 
n of a firm's profit is attributable to monopoly 7 power, and it is even more diffi- 
k to locate all the buyers and reimburse them in proportion to their purchases. 
How, then, can society 7 limit market power and prevent it from being used 
hcompetitively 7 ? For a natural monopoly 7 , such as an electric utility 7 company 7 , 
f ect price regulation is the answer. But more generally, the answer is to prevent 
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antitrust laws Rules and 
regulations prohibiting actions 
that restrain, or are likely to 
restrain, competition. 


parallel conduct Form of 
implicit collusion in which 
one firm consistently follows 
actions of another. 


: 


firms from acquiring excessive market power in the first place, and to limit 
use of that power if it is acquired. In the United States, this is done via 
antitrust laws: a set of rules and regulations designed to promote a competii 
economy bv prohibiting actions that restrain, or are likely to restrain, comp 
tion, and bv restricting tire forms of market structure that are allowable. 

Monopoly power can arise in a number of ways, each of which is covered 
the antitrust laws. Section 1 of the Sherman Act (which was passed in 1S90) p ro _ 
hibits contracts, combinations, or conspiracies in restraint of trade. One obvious 
example of an illegal combination is an expl icit agreement among producers to 
restrict their outputs and/or "fix" price above the competitive level I here have 
been numerous instances of such illegal combinations. For example: 

B In 1983, six companies and six executives were indicted for conspiring to f 
the pirice of copper tubing over a six-year period. 
m In 1996, Archer Daniels Midland Company (ADM) and two other major p 
ducers of lysine (an animal feed additive) pleaded guilty to criminal charge 
of price fixing In 1999, three ADM executives were sentenced to prison term: 
ranging from two to three years for their roles in the price-fixing scheme. 1 ' 

@ In 1999, four of the world's largest drug and chemical companies— Roche 
A.G. of Switzerland, BASF A G of Germany, Rhone-Poulenc of France, and 
Takeda Chemical Industries of Japan— were charged by the U S Department 
of Justice with taking part in a global conspiracy to fix the prices of vitami 
sold m the United States The companies pleaded guilty to price fixing an 
agreed to pay fines totaling more than SI billion. ! 

Firm A and Firm B need not meet or talk on the telephone to violate Section 
of the Sherman Act; implicit collusion in the form of parallel conduct can alsob 
construed as violating the law. For example, if Firm B consistently follows Fi 
A 's pricing (parallel pricing), and if the firm's conduct is contrary to what on 
would expect companies to do in the absence of collusion (such as raising prices 
in the face of decreased demand and over-supply), an implicit understanding 
may be inferred 2 

Section 2 of the Sherman Act makes it illegal to monopolize or to attempt t 
monopolize a market and prohibits conspiracies that result in monopolizatior 
The Clayton Act (1914) did much to pinpoint the kinds of practices that ar 
likely to be anticompetitive. For example, the Clayton Act makes it unlawful fc 
a firm with a large market share to require the buyer or lessor of a good nott 


U 
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18 In 1993, ADM and three other firms were charged with fixing carbon dioxide prices In the lysine 
case, proof of the conspiracy came in part from tapes ot meetings at which prices were set and mar- 
ket shares divided up At one meeting with executives from Ajinimoto Company or Japan, anothu 
lvsine producer, James Randall, then the president of ADM, said, "We have a saying at this company 
Our competitors are our friends and our customers are our enemies " See "Video Tapes Take Stm 
Role at Archer Daniels Trial," New York Tunes, August 4, 1998; "Three Sentenced in Archer Danie- 
Midland Case," New York Times, July 10, 1999 

1 ’"Tearing Down The Facades of 'Vitamins Inc V’ Acre York Times, October 10, 1999 




“"The Sherman Act applies to all firms that do business in the United States (to the extent that a con 
spiraev to restrain trade could affect U S markets). However, foreign governments (or firms operat^ 
ing under their government's control) are not subject to the act, so OPEC need not tear the \\ tat 1 0‘ 
the Justice Department Also, firms can collude with respect to exports The Uebb-Poinerene • Jy 
(1918) allows price fixing and related collusion with respect to export markets, ns !ou$ nr iloiuir-^ 
markets are unaffected h\j such collusion. Firms operating in this manner must form a "Webb-Pomerenc 
Association" and register it with the government 
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^ ulV from a competitor. It also makes it illegal to engage in predatory pricing — 
■-ma designed to drive current competitors out of business and to discourage 
• nV entrants (so that the predatory firm can enjoy higher prices in the future) 
Monopoly power can also be achieved by a merger of firms into a larger and 
more dominant firm, or by one firm acquiring or taking control of another firm 
^ purchasing its stock. The Clayton Act prohibits mergers and acquisitions if 
| "substantially lessen competition" or "tend to create a monopoly." 

the antitrust laws also limit possible anticompetitive conduct by firms in 
other wavs. For example, the Clayton Act, as amended by the Robinson-Patman 
Act (1936), makes it illegal to discriminate bv charging buyers of essentially the 
_ aine product different prices if those price differences are likely to injure com- 
petition. Even then, firms are not liable if they can show that the price differ- 
ences were necessary to meet competition. (As we will see in the next chapter, 
price discrimination is a common practice It becomes five target of antitrust 
action when buyers suffer economic damages and competition is reduced.) 

Another important component of the antitrust laws is the Federal Trade 
Commission Act (1914, amended in 1938, 1973, 1975), which created tire Federal 
trade Commission (FTC). This act supplements the Sherman and Clayton acts 
by fostering competition through a whole set of prohibitions against unfair and 
anticompetitive practices, such as deceptive advertising and labeling, agree- 
ments with retailers to exclude competing brands, and so on. Because these pro- 
hibitions are interpreted and enforced in administrative proceedings before the 
FTC, the act provides broad powers that reach further than other antitrust laws. 

The antitrust laws are actually phrased vaguely in terms of what is and what 
is not allowed. They are intended to provide a general statutory framework to 
give the Justice Department, the FTC, and the courts wide discretion in inter- 
preting and applying them. This is important because it is difficult to know in 
advance what might be an impediment to competition Such ambiguity creates 
a need for common law (i.e., the practice whereby courts interpret statutes) 
and supplemental provisions and rulings (e.g., by the FTC or the Justice 
Department) 


Enforcement of tlh© Antitrust Laws 

The antitrust laws are enforced in three ways. 

1. Through the Antitrust Division of the Department of Justice. As an arm of the exec- 
utive branch, its enforcement policies closely reflect the view of the administra- 
tion in power. As the result of an external complaint or an internal study, the 
department can institute a criminal proceeding, bring a civil suit, or both. The 
result of a criminal action can be fines for the corporation and fines or jail sen- 
tences for individuals. For example, individuals who conspire to fix prices or 
rig bids can be charged with a felony and, if found guilty', may be sentenced to 
jail — something to remember if you are planning to parlay' your knowledge of 
microeconomics into a successful business career! Losing a civil action forces a 
corporation to cease its anticompetitive practices and often to pay damages. 

2- Through the administrative procedures of the Federal Trade Commission. Again, 
action can result from an external complaint or from the FTC's own initia- 
tive. Should the FTC decide that action is required, it can either request a 
voluntary understanding to comply with the law or seek a formal commis- 
sion order requiring compliance. 


predatory pricing Practice of 
pricing to drive current com- 
petitors out of business and to 
discourage new entrants in a 
market so that a firm can 
enjoy higher future profits. 
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3. Through private proceedings. Individuals or companies can sue for treble ( three - 
fold) damages inflicted on their businesses or property. The possibility of hav- 
ing to pav treble damages can be a strong deterrent to would-be violators 
Individuals or companies can also ask the courts for injunctions to force 
wrongdoers to cease anticompetitive actions 

U.S antitrust laws are more stringent and far-reaching than those of most 
other countries In fact, some people have argued that they have prevented 
American industrv from competing effectively in international markets. The 
laws certainly 7 constrain American business and may 7 at times have put American 
firms at a disadvantage in world markets. But this must be weighed against their 
benefits: Antitrust laws have been crucial for maintaining competition, and com- 
petition is essential for economic efficiency, innovation, and growth. 


In 1981 and early 1982, American Airlines and Braniff Airways were compet- 
. Ling fiercely 7 with each other for passengers. A fare war broke out as the firms 
undercut each other's prices to capture market share. On February 7 21, 1982, 
Robert Crandall, president and CEO of American, made a phone call to 
Howard Putnam, president arid chief executive of Braniff. To Crandall's later 
surprise, the call had been taped. It went like this: -1 

Crandall: I think it's dumb as hell for Christ's sake, all right, to sit here a 
pound the @!#S%&! out of each other and neither one of us making 
@!#S%&! dime. 

Putnam: Well . . . 

Crandall: I mean, you know, ©!#$%&!, what the hell is the point of it? 
Putnam: But if y 7 ou're going to overlay every 7 route of American s on top 
every 7 route that Braniff has — I just can't sit here and allow you to bury 
without giving our best effort. 

Crandall: Oh sure, but Eastern and Delta do the same thing in Atlanta 
have for years. 

Putnam: Do you have a suggestion for me? 

Crandall: Yes, I have a suggestion for you. Raise your @!#S%&! fares 20 
cent. I'll raise mine the next morning. 

Putnam: Robert, we . . . 

Crandall: You'll make more money and I will, too. 

Putnam: We can't talk about pricing! 

Crandall: Oh @!#S%&!, Howard. We can talk about any @!#S%&! thing 


am 


want to talk about. 

Crandall was wrong. Corporate executives cannot talk about any 7 thing & e f 
want. Talking about prices and agreeing to fix them is a clear violation o 
Section 1 of the Sherman Act, Putnam must have known this because 
promptly 7 rejected Crandall's suggestion. After learning about the call. 
Justice Department filed a suit accusing Crandall of violating the antitrust law 
by proposing to fix prices. 


fej 


21 According to the New York Times, February 24, 1983. 
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However, proposing to fix prices is not enough to violate Section 1 of the 
Sherman Act: For the law to be violated, the two parties must agree to collude. 
Therefore, because Putnam had rejected Crandall's proposal, Section 1 was not 
violated. The court later ruled, however, that a proposal to fix prices could be 
an attempt to monopolize part of the airline industry 7 and, if so, would violate 
Section 2 of the Sherman Act. American Airlines promised the Justice 
Department never again to engage in such activity. 


Sh?Q,B 0®ol 



O ver the past decade, Microsoft Corporation has grown to become the 
largest computer software company 7 in the world. Its Windows operating 
system has over 90 percent of the worldwide market for personal computer 
operating systems. Microsoft also dominates the office productivity market: Its 
Office Suite, which includes Word (word processing), Excel (spreadsheets), and 
Powerpoint (presentations) held over a 90 percent worldwide market share 
in 1999. 

Microsoft's incredible success has been due in good part to the creative tech- 
nological and marketing decisions of the company and its CEO, Bill Gates. Is 
there anything wrong as a matter of either economics or law with being so suc- 
cessful and dominant? It all depends. Under the antitrust laws, efforts by firms 
to restrain trade or to engage in activities that inappropriately maintain 
monopolies are illegal. Did Microsoft engage in anticompetitive, illegal 
practices? 

The U.S. Government say 7 s yes; Microsoft disagrees. In October 1998, the 
Antitrust Division of the U.S. Department of Justice (DOJ) put Microsoft's 
behavior to the test: It filed suit, raising a broad set of issues that created the 
most significant antitrust law suit of the past two decades. The ensuing trial 
ended in June 1999, but in the absence of any settlement between the govern- 
ment and Microsoft, the final chapter of the story is unlikely to be written for 
years to come. Here is a brief road map of some of the DOJ's major claims and 
Microsoft's response. 

i DOJ claim: Microsoft has a great deal of market power in the market for PC 
operating sy 7 sterns — enough to meet the legal definition of monopoly power. 

H MS response: Microsoft does not meet the legal test for monopoly 7 power 
because it faces significant threats from potential competitors that offer or 
will offer platforms to compete with Windows. 

0 DOJ claim: Microsoft viewed Netscape's Internet browser (Netscape 
Navigator) as a threat to its monopoly over the PC operating system market. 
The threat exists because Netscape's browser includes Sun's Java software, 
which can run programs that have been written for any operating system, 
including those that compete with Windows, such as Apple, Unix, and 
Linux. In violation of Section 1 of the Sherman Act, Microsoft entered into 
exclusionary agreements with computer manufacturers, Internet service 
providers, and Internet content providers with the objective of raising the 
cost to Netscape of making its browser available to consumers. This action 
impaired Netscape's ability 7 to compete fairly 7 with Microsoft's Internet 
Explorer for the browser business. 
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B MS response: The contracts were not unduly restrictive. In any Ca 
Microsoft unilaterally agreed to stop most of them. 

s DOJ claim: In violation of Section 2 of the Sherman Act, Microsoft en» a o a 
in practices designed to maintain its monopoly in the market for deskt 
PC operating systems. Most importantly, it tied its browser to the Window * 
98 operating system, even though doing so was technically unnecessary 
arid provides little or no benefit to consumers. This action is predatory 
because it makes it difficult or impossible for Netscape and other firms t ' 
successfully offer competing products. 

□ MS response: There are benefits to incorporating the browser functionality 
into the operating system. Not being allowed to integrate new functionality 
into an operating system will discourage innovation. Offering consumers"? 
choice between separate or integrated browsers would cause confusion in 
the marketplace. 

0 DOJ claim: In violation of Section 2 of the Sherman Act, Microsoft 
attempted to divide the browser business with Netscape and engaged in 
similar conduct with both Apple Computer and Intel. 

□ MS response: Microsoft's meetings with Netscape, Apple, and Intel w 
for valid business reasons. Indeed, it is useful for consumers and firms 
to agree on common standards and protocols in developing computer 
software 

These are onlv a few of the highlights of an eight-month trial that was hard 

fought on a range of economic topics covering a wide array of antitrust issues. 

To learn more about the case, look at the Web sites of the two parties: 

www.usdoj.gov/atd and www.microsoft.com. 



^monopolist is producing at a point at which mar- 
ginal cost exceeds marginal revenue. How should it 
adjust its output to increase profit? 

\Ve write the percentage markup of price ox er mar- 
ginal cost as ( P - MC)/P. For a profit-maximizing 
monopolist, how does this markup depend on the 
elasticity of demand? YVhv can this markup be 
viewed as a measure of monopoly power? 

VVliv is there no market supply curve under condi- 
tions of monopoly? 

YVhv might a firm have monopoly power even if it is 
not the only producer in the market? 

VVhat are some of the sources of monopoly power? 
Give an example of each. 

VVhat factors determine the amount of monopoly 
power an individual firm is likely to have? Explain 
eadi one briefly. 

Why is there a social cost to monopoly power? If 
the gains to producers from monopoly power 
could be redistributed to consumers, would the social 
cost of monopoly power be eliminated? Explain 
briefly. 


8. Why will a monopolist's output increase if the gov- 
ernment forces it to lower its price? If the government 
wants to set a price ceiling that maximizes the 
monopolist's outpmt, what price should it set? 

9. How should a monopolist decide how much of a 
product to buy? Will it buy more or less than a com- 
petitive buyer? Explain briefly. 

10. What is meant by the term "monopsony piower"? 
Why might a firm have monopsony power even if it is 
not the only buyer in the market? 

11. What are some sources of monopsony piower? VVhat 
determines the amount of monopsony power an indi- 
vidual firm is likely to have? 

12. Why is there a social cost to monopisony piower? If 
the gains to buyers from monopsony power could 
be redistributed to sellers, would the social cost of 
monopsony piower be eliminated? Explain briefly. 

13. How do the antitrust laws limit market power in the 
United States? Give examples of major provisions of 
the laws. 

14. Explain briefly how the U.S. antitrust laws are actu- 
ally enforced. 




1. Market power is the ability of sellers or buyers to 
affect the price of a good. 

2. Market power comes in two forms. When sellers 
charge a price that is above marginal cost, we say that 
they have monopoly power, which we measure by the 
extent to which price exceeds marginal cost. When 
buyers can obtain a price below their marginal value 
of the good, we say they have monopsony power, 
which we measure by the extent to which marginal 
value exceeds price. 

3. Monopoly power is determined in piart by the num- 
ber of firms competing in the market. If there is only 
one firm — a pure monopoly — monopioly piower 
depends entirely on the elasticity of market demand. 
The less elastic the demand, the more monopoly 
power the firm will have. When there are several 
firms, monopoly power also depiends on how the 
firms interact. The more aggressively they complete, 
the less monopoly power each firm will have. 


4. Monopsony power is determined in part by the num- 
ber of buyers in the market. If there is only one 
buyer — a pure monopsony — monopisony power 
depends on the elasticity of market supply. Tire less 
elastic the supply, the more monopsony power the 
buyer will have. When there are several buyers, 
monopsony power also depends on how aggressively 
they compete for supplies. 

5. Market power can impose costs on society. Beca 
monopoly and monopsony power both cause pro- 
duction to fall below the compietitive level, there is 
a deadweight loss of consumer and producer sur- 
plus. There can be additional social costs from rent 
seeking. 

6. Sometimes, scale economies make pure monopoly 
desirable. But the government will still want to regf 
late price to maximize social welfare 

7. More generally, we rely on the antitrust laws to pr 
vent firms from obtaining excessive market power. 




1. Will an increase in the demand for a monopolist's 
product always result in a higher price? Explain. Will 
an increase in the supply facing a monopsonist buyer 
always result in a lower price? Explain. 

2. Caterpillar Tractor, one of the largest producers of 
farm machinery in the world, has hired you to advise 
them on pricing policy- One of the things the com- 
pany would like to know is how much a 5-percent 
increase in price is likely to reduce sales. What would 
you need to know to help the company with this 
problem? Explain why these facts are important. 

3. A monopolist firm faces a demand with constant elas- 
ticity of —2.0. It has a constant marginal cost of $20 
per unit and sets a price to maximize profit. If mar- 
ginal cost should increase by 25 percent, would the 
price charged also rise by 25 percent? 

4- A firm faces the following average revenue (demand) 
curve: 

P = 100 - 0.01Q 

where Q is weekly production and P is price, mea- 
sured in cents per unit. The firm's cost function is 
given by C = 50Q 4- 30,000. Assume that the firm 
maximizes profits. 

a. VVhat is the level of production, price, and total 
profit per week? 


b. If the government decides to levy a tax of 10 cents 
per unit on this product, what will he the new level 
of production, price, and profit? 

The following table show's the demand curve facing a 
monopolist who produces at a constant marginal cost 
of $10: 


PRICE 

QUANTITY 

27 

0 

24 

2 

21 

4 

18 

6 

15 

8 

12 

10 

9 

12 

6 

14 

3 

16 

0 

18 


a. Calculate the firm's marginal revenue curve. 



